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FOREWORD 

This little book contains the Trueman 
Wood Lecture delivered before the Royal 
Society of Arts on 7th March, 1928, 
expanded to more than double its original 
length by the addition of what I would 
have liked to say, but had not time to, 
at the lectiire, and by the inclusion of 
a small part of an earlier lecture “ Recent 
Developments of Cosmical Physics *' 
delivered before the University of London 
on 9th November, 1926. My thanks are 
offered to the Royal Society of Arts, 
and also to the Editor of ** Nature " 
in whose colunms the reports of these 
lectures first appeared, for permission to 
use them in preparing the present book. 

While the *' To-day and To-morrow ” 
series has been the medium of publication 
of many brilliant flights of imagination, 
the present book is limited to scientific 
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facts and such inferences as I think may 
properly be drawn from them. Happily 
astronomy is a science in which exact 
truth is ever stranger than fiction, in 
which the imagination ever labours 
panting and breathless behind the reality, 
and about which one could hardly be 
prosaic if one tried. 

Dorking, 

\^th May. 1928. 


J. H. Jeans. 


EOS 


Interest in scientific cosmogony is a 
recent, and sti^ a very tender growth. 
Anthropologist^ and geologists tell us 
that man has existed on earth for some- 
thing like 300,000 years ; we must go 
this far back to meet our ape-like ancestry. 
Between them and us some 10,000 
generations of men have walked the earth, 
most of whom have probably given some 
thought, in varying degrees, to the 
significance of their existence and the 
plan of the universe. 

Of these 10,000 generations of men, 
the first 9990 unhesitatingly regarded the 
earth as the centre, and terrestrial life 
as the central fact, of the universe. As 
was suited to its majesty and dignity 
as the abode of man, the earth stood still 
while the celestial sphere spun round it, 
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covering in the earth much as a telescope- 
dome covers in the telescope ; and this 
dome was spangled with stars, which had 
been thoughtfully added so as not to 
leave the central earth unillumined at 
night. Ten generations at most have been 
able to view the problem of their existence 
in anything like its proper astronomical 
perspective. 

The Position of Man in 
THE Universe 

The total age of the earth far exceeds 
the 300,000 years or so of man's existence. 
The evidence of geology, and of radio- 
activity in rocks in particular, shows that 
it must be something like 2000 milli on 
years, which is several thousand times 
the age of the human race. Old Mother 
Earth must regard man as a very recent 
apparition indeed ; he has just appeared 
to burrow into her, bum her forests, put 
her waterfalls into pipes, and generally 
mar the beauty of her features. If he 
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has done so much in the first few moments 
of his existence, she may well wonder 
what is in store for her in the long future 
ages in which he is destined to labour 
on her surface. For in all probabihty 
the life in front of the human race must 
enormously exceed the short life behind 
it. A million million years hence, so far 
as we can foresee, the sun wiU probably 
stm be much as now, and the earth 
^11 be revolving round it much as now. 

year t^I be a little longer, and the 
chmate quite a lot colder, while the rich 
accumulated stores of coal, oil, and forest 
ynU have long been burnt up ; but there 
IS no reason why our descendants should 
not still people the earth. Perhaps 
It may be imable to support so large a 
population as now, and perhaps fewer 
™l desire to live on it. On the other 
hand, mankind, being three million times 
^ old as now, may— if the conjecture 
does not distress our pessimists too much — 
be three million times as wise* 

Looked at on the astronomical time- 
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scale, humanity is at the very beginning 
of its existence — a new-born babe, with 
all the unexplored potentialities of baby- 
hood ; and until the last few moments 
its interest has been centred, absolutely 
and exclusively, on its cradle and feeding- 
bottle. It has just become conscious of 
the vast world existing outside itself and 
its cradle ; it is learning to focus its eyes 
on distant objects, and its awakening 
brain is beginning to wonder, in a vague, 
dreamy way, what they are and what 
purpose they serve. Its interest in this 
external world is not much developed 
yet, so that the main part of its faculties 
is still engrossed with the cradle and 
feeding-bottle, but a little comer of its 
brain is beginning to wonder. 

Taking a very gloomy view of the future 
of the human race, let us suppose that 
it can only expect to survive for two 
thousand million years longer, a period 
about equal to the past age of the earth. 
Then, regarded as a being destined to live 
for three-score years and ten, humanity, 
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although it has been bom in a house 
seventy years old, is itself only three: 
days old. But only in the last few minutes 
has it become conscious that the whole 
world does not centre round its cradle and 
its trappings, and only in the last few 
ticks of the clock has any adequate 
conception of the size of the external 
world dawned upon it. For our clock 
does not tick seconds, but years ; its 
minutes are the lives of men. A minute 
and a half ago the distance of a star was 
first measured and provided a measuring- 
rod for the universe. Less than a quarter 
of a minute has elapsed since Professor 
Hertzsprung of Leiden and Dr. Shapley, 
now Director of Harvard Observatory, 
showed how the peculiar stars known as 
Cepheid variables provide a longer 
measunng-rod, and taught us to think in 
distances so great that light takes 
hundreds of thousands of years to traverse 
them. With the very last tick of the clock. 
Dr. Hubble, of Mount Wilson Observatory, 
using the same measuring-rod, has found 

[13] 
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that the most remote objects visible in 
the biggest telescope on earth are so 
distant that light, travelling 186,000 miles 
a second, takes about 140 million years 
to come from them to us. 

Not only is our vision of the universe 
continually expanding, but also it is 
expanding at an ever-increasing rate. 
Is this expansion destined to go on for 
ever ? So far as we can at present see, 

, no ; for a general guiding principle, 
that of generalised relativity, fixes a 
limit, which we are fast approaching. 
According to this theory, space cannot 
extend for ever ; it has no limit, but is 
nevertheless finite like the surface of the 
earth. Without exploring and surveying 
the whole of the earth's surface, we can 
make a fair estimate of its total area by 
meastiring its radius, which we can do 


by measuring its curvature at any one 
' point. In the same way the total volume 


of space is fixed by a quantity, the 


curvature of space, which can be 


determined by measuring the density of 
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.distribution of matter in space. Space 
which contained no matter would go 
on for ever, but the parts of space we 
can survey with our telescopes contain 
enough matter to show that we already 
see an appreciable fraction of the whole 
of space. It is as though our baby, 
watching ships coming from over the 
horizon, concluded that the earth's 
surface was curved, and formed a general 
rough conception of its size by imagining 
the observed curvature continuing imtil 
the earth’s surface rounded back on itself. 

Exact figures are impossible, but Dr. 
Hubble has calculated that space is not 
hkely to extend to more than about a 
thousand times as far as the farthest 
neb^a visible in the biggest telescope. 
Nothing prevents our going on and on 
in space beyond this distance, but, if 
we do, we merely come back to ourselves. 
The possessor of a sufhciently sensitive 
wireless apparatus may emit signals 
and pick them up a seventh of a second 
ater after they have travelled round the 
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world. In the same way a not incon- 
ceivable increase in the size of our 
telescopes woxild take us round the 
whole of space, and we should see the 
stars surrounding our sun by light which 
had travelled round the universe, not of 
course as they now are, but as they were 
100,000 million years ago. 

Such considerations make it improbable 
that the expansion of the universe can 
continue at its present rate for much 
longer. Having grasped that the world 
is round, the infant speedily forms a fair 
idea of its size. Our particular infant, 
mankind, has made the great discovery 
of the existence of the outer world, has 
formed some conception of its size, and 
adjusted his ideas, not by a process of slow 
revelation, but by a brain-flash of the last 
few seconds. In his mature years and 
hi s staid old age he is no doubt destined 
to make many sensational discoveries, 
but he can never again live through the 
immortal moment at which he first grasped 
the immensity of the outer world. We 
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only live through a few ticks of his clock, 
and fate might have ordained that they 
should be anywhere in the three days that 
the child has already lived, or in the 
seventy long, and possibly tedious, years 
yet to come. The wonderful thing is 
that she has selected for us what is, 
perhaps, in some ways the most sensational 
moment of all in the life of our race. 

The child sets its newly awakened mind 
to work to adjust and co-ordinate a new 
array of facts. If the world was not made 
to surround its cradle, what purpose 
can it serve ? If the lights of the great 
ships in the harbour were not designed to 
light its nursery at night, what can they 
possibly be for ? And, most interesting 
problem of all, if the world is such a 
big affair, can there be other cradles 
and other babies ? 

These remarks will have served their 
purpose if they suggest that the cos- 
mogony of 1928 should not be judged 
as a finished science or the solution of a 
problem ; it is rather the first confused 
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gropings of the infant mind trying to 
understand the world outside its cradle. 
And if the impression produced by its 
first inexperienced glance at the outer 
world had to be described in a single 
word, it would probably select the word 
“ immensity 

The Immensity of Space 

The immensity of space is measured 
by the figures already mentioned. Ligl^ 
and wireless .signals travel at the same 
rate because, of course, -they are essentially 
the same thing ; and this thing takes a 
seventh of a second to travel round the 
world, and probably something like 
100,000 milhon years to travel round 
the universe. The ratio of these times 
(2 X 10^®) 1 measures the dimensions of 

^ Here, as elsewhere, 2 X 10** is an 
abbreviation for 2 followed by 19 zeros, or 
20.000,000,000,000,000,000. A million is 10». 
a million million is 10^*, and so on. The largest 
number which occurs in the present book is 
IQino.ooo.ooo.ooo, Failing our convenient mathe- 
matical shorthand, this number would be 
expressed by a 1 followed by six million volumes 
similar to the present, all full of O’s. 
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the universe in terms of the familiar 
dimensions of the world ; incidentally, 
it also measures the expansion of our 
spatial ideas since Copernicus. The dis- 
parity of size is too great to be easily 
visualised. Suppose the size of our earth 
represented by a single atom, whose 
diameter is about a hundred-millionth 
part of an inch. Then the range of vision 
of the biggest telescope is about represented 
by the whole earth, and the size of the 
whole universe, according to the theory 
of relativity, is represented by a stack of 
a thousand million earths. 

Scarcely less bewildering than the 
immense extent of space is the immense 
amount and variety of matter it contains. 
The sun, which is a million times as 
big as the earth and 30Q,Q00 times as 
massive, proves to be something less than 
a grain of sand on the seashore. 
It forms one of a family whose number 
must certainly be counted in thousands 
of millions ; Dr. Seares has estimated it 
at thirty thousand millions. This is not 
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the only family of stars in space. Each 
of the great spiral and other extragalactic 
nebulae, such as are shown in the Frontis- 
piece and in Plates II and III is either 
a family of stars, or consists of stars in 
the making, or of matter which is in all 
probability destined ultimately to form 
stars. 

We can estimate the masses of 
these great nebulae by gravitational 
means, and each is foimd to contain 
enough matter to make a thousand million 
suns. This of itself will give some con- 
ception of the vast size of these nebulae, 
but to tell the whole story, it must be 
added that their colossal masses are so 
tenuous that each millionth part of an 
ounce is, on the average, ais big as the 
Matterhorn. Think of a body which 
is bigger than the Matterhorn by as much 
as e. thousand million suns is heavier 
than a millionth part of an oimce, and 
we have the size of any one of these great 
nebulae. Any one of the photographs 
reproduced in this book would have to 
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be enlarged so as to cover at least the 
whole of Asia before a body of the size 
of the earth became visible in it at all, 
even under the most powerful of 
microscopes. ^ 

Dr, Hubble estimates that about two 
million such nebulae are visible in the 
great 100-inch telescope at Mount Wilson, 
and that the whole universe is about a 
thousand million times as big as the 
part of space which is visible in this 
telescope. Let us now multiply 1000 
million by 2 million, and the product 
by 1000 million. The answer (2 X lO^^) 
gives some indication of the probable 
number of stars in the universe ; the 
same number of grains of sand spread 
over England would make a layer 
hundreds of yards in depth. Let us 
reflect that our earth is one millionth 
part of one such grain of sand, and our 
mundane affairs, our troubles and bur 
achievements, begin to appear in their 
correct proportion to the universe as a 
whole. 
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The Variety of the Stars 

While the stars may be compared to 
grains of sand in number, they differ too 
much inter se for the comparison to be 
carried further. They used to be regarded 
as mere points of light which differed from 
one another in glory but were too remote 
for any investigation as to their nature 
and condition to be practicable. Astronomy 
can now take their temperatures, by 
methods similar to those used with 
factory furnaces, can measure their sizes 
with a specially-designed stellar inter- 
ferometer, and can calculate their weights 
from the gravitational pull they exert 
on companion stars, just as we calculate 
the weight of the earth from the pull it 
exerts on the moon to keep it in its orbit. 
And the measurements disclose animmense 
variety of big and little stars, of bright and 
faint stars, and of hot, hotter and still 
hotter stars. 

’ The faintest star known, Wolf 359, 
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emits only a fifty-thousandth part of the 
light of the sun. If this star were 
suddenly substituted for the sxin, the seas 
would immediately freeze into solid ice, 
and the atmosphere condense into liquid 
air ; people at the Equator would receive 
rather less light and heat from their new 
sun than one receives from a coal fire a 
mile away, and we should meet an icy 
death. At the other extreme, the most 
luminous of known stars, S Doradus, 
emits 300,000 times as much light and 
heat as the sim. If this star were to 
replace our sun, our temperatures would 
run up to about 7,000 degrees Centigrade, 
which is about twice the temperature 
of the hottest part of the electric arc, 
and the solid earth, with its cloud capped 
towers and gorgeous palaces and our- 
selves, would immediately dissolve into 
vapour. 

There is almost as much variety in the 
sizes of the stars. The smallest known 
star, Van Maanen's star, is about the 
size of the earth ; a million such stars 
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could be packed inside the sun and leave 
room to spare. The largest known star, 
Betelgeux, is so large that 25 million 
suns could be packed inside it. If we 
represent the sun by a golf-ball, Van 
Maanen*s star becomes something smaller 
than the dot of an ‘ i * on this page, 
while Betelgeux must be represented 
by a good-sized house. If Van Maanen*s 
star were to replace our sun, it would 
appear smaller than Jupiter or Saturn ; 
if Betelgeux were to replace our sun, 
we should find ourselves inside it, its 
radius being greater than that of the 
earth’s orbit. 

As compared with their enormous ranges 
of brightness and size, ranges greater 
than those between a searchlight and a 
glow-worm, or between balloons and 
bird-shot, the stars shew a restful 
uniformity in their weights. No star 
exists whose weight is known or suspected 
to be less than about a tenth of that of the 
sun, while few exist which have as much 
as ten times the sun's weight — probably 
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about one in a hundred thousand, the 
other 99,999 ali having weights between 
a tenth and ten times the weight of 
the sun. 

It follows that the different sizes of the 
stars do not result to any great extent 
from the different amounts of matter the 
stars contain ; they result rather from 
the varying closeness or looseness with 
which the matter is packed. An average 
ton of matter in the sun occupies about 
as much space as an ordinary ton of coal 
in a coal-cellar, but the same amount 
of matter in Betelgeux takes up as much 
room as the Albert Hall, while the 
average ton of matter in Van Maanen's 
star takes up only as much room as a 
pea in a pea-pod ; a hundred tons of it 
could be packed into a pocket book with 
ease. Judged by the standards of 
solidity which prevail on Van Maanen's 
star, everything on earth is of the very 
• filmiest of gossamer. 
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The Structure of the Stars 

Their enormous differences of brightness, 
size and density notwithstanding, the 
stars are believed to be essentially 
similar structures. 

A normal atom consists of a central 
nucleus around which a number of 
electrons revolve in orbital motion like 
planets round the sun — a miniature 
solar system, in fact, in which the vacant 
space far exceeds that occupied by matter. 
The nucleus, although excessively minute, 
its diameter being only a small fraction of 
a millionth of the millionth of an inch, 
is by no means a simple structure. It 
consists of a number of particles charged 
with positive electricity, called protons, 
and a number of other particles charged 
with negative electricity, which carry 
the same charge as, and may be identical 
with, the electrons which revolve outside 
the nucleus. 

Under the action of great heat the 
outermost of the atomic electrons begin 
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to break loose from the atom and fly ofl 
at a tangent, just as, when water is heated 
up, the outer molecules break loose and 
set ofl on independent journeys of their 
own. Finally the water is wholly 
evaporated ; the heat has transformed 
it into a mass of gas (steam) in which 
each separate molecule flies along its 
own individual path, like the buUets 
on a battlefield. In precisely the same 
way, the application of heat to the atoms 
causes successive layers of electrons 
to break loose from their moorings, and 
the atoms become smaller and smaller 
until finally no coherent structure remains 
but merely a powdered debris of atomic 
constituents, each nucleus and electron 
going its own way regardless of the rest. 

We cannot study the process to any 
extent in the laboratory since we cannot 
command high enough temperatures. 
It is just beginning in hot flames and 
in the electric arc. The atmospheres of 
stars are at higher temperatures than any 
obtainable on earth, and here the process 
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is further advanced ; the spectroscope 
shews that the atoms may be broken into 
two, three or even four pieces. The 
temperatures in the interiors of the stars 
are higher still, and although we cannot 
measure them directly we can calculate 
them with very fair precision. The tem- 
perature at the centre of the sun is found 
to be in the neighbourhood of 50,000,000 
degrees, and this is a fairly average tem- 
perature for the stars in general. It is 
difficult to form any conception of the 
physical meaning of a temperature which 
is so far removed from anything in our 
experience. If a piece of matter the size 
of a pea could be maintained at this 
temperature it would scorch and shrivel 
up anyone who ventured within a thousand 
miles of it ; its directed beam would 
destroy an army in an instant. Never- 
theless, the mathematician need not 
hesitate to thrust his calculations right 
into the very hearts of the stars, and he 
can shew, with something approaching 
very near to certainty, that at the centres 
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of most of the staxs nearly all, or perhaps 
quite all, of the electrons must have 
broken loose from their parent atoms, 
leaving the stellar matter almost or 
quite pulverized into its constituent nuclei 
and electrons. 

When I first put forward this view in 
1917, I thought it was entirely novel, 
but I have since found that in 1644 
Descartes had conjectured that the sun 
and fixed stars were made of matter 
** which possesses such violence of agita- 
tion that, impinging upon other bodies, 
it gets divided into indefinitely minute 
particles My own suggestion was not 
conjecture, but was an inevitable deduc- 
tion from modem knowledge of atomic 
physics. Since it was put forward, a great 
deal of labour has been devoted to testing 
the hypothesis that practically all the 
electrons have broken loose from their 
atoms, the stripped atoms and electrons 
flying about in a general hurly-burly like 
the molecules of a gas. But the hypothesis 
has proved disappointing, and a much more 
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probable hypothesis is, I think, that the 
atoms are not stripped quite bare, but 
that in most stars they retain a few rings 
of electrons which give the atoms so 
much size that they jostle one another 
about like the molecules of a liquid. 
This hypothesis explains beautifully the 
otherwise puzzling fact that the stars 
tend to fall into distinct groups, of what 
may almost be described as * standard- 
ised * sizes. On the ‘ liquid star ' hypo- 
thesis, these different sizes correspond 
to the different sizes possible for the 
stellar atons, which may have 0, i, *2, or 
3 rings of electrons left, but cannot have 
fractional numbers. The largest stars 
of all, such as Betelgeux, have three 
rings left, while minute stars, such as 
Van Maanen's star, consist of atoms most 
of which are stripped quite bare, so that 
there is almost no limit to the closeness 
with which they can be packed together. 
These stars of course represent extremes 
of size ; more normal stars such as 
Sirius, Procyon and the Sun consist mainly 

[30] 



ASPECTS OF COSMOGONY 


of atoms in which one ring of electrons is 
left revolving about the nucleus. 

Thus the observed sizes of the stars 
proclaim the secret of the structure of 
the atom. The sizes of the stars are 
discontinuous because the sizes of atoms 
j broken down to different stages are dis- 
1 continuous. These discontinuities can 
be traced in turn to the discontinuities 
which form the central feature of the 
new system of quantum dynamics, which 
is now known to dominate the whole of 
atomic physics. Thus the distinguishing 
characteristic of the laws which govern 
the most minute processes in Nature is 
transmitted directly into the large scale 
phenomena of astronomy and governs the 
distribution of the huge masses of the 
stars. The infinitely great is never very 
far from the infinitely small in science, 
but it would be hard to find a more 
sensational illustration of the unity of 
science than that just given. 

On this hypothesis, not only do the 
observed sizes of the stars disclose the 
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general structure of the atom, which is 
old knowedge, but they also reveal the 
detailed structure of the particular atoms 
of which the stars are composed, and this 
is new knowledge. The more complex 
the structure of an atom is, the higher 
the temperature needed to break it up. 
We find that simple atoms would be com- 
pletely broken up in the interiors of the 
stars ; no coherent atomic structure 
would remain. To retain the various 
sizes demanded by the theory of liquid 
stars, the stellar atoms must be heavier 
and more complex than any atoms 
known on earth. The atoms which reveal 
their presence in the spectra of the stars 
are, of course, atoms of the ordinary 
terrestrial elements— hydrogen, iron, 
calcium, and the like. These, being the 
lightest atoms in the star, must naturally 
float up to its siirface and so determine its 
spectrum. Moreover, as the earth was 
originaUy formed out of the surface of 
the sun, the earth is necessarily composed 
of the same light elements. But it now 
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appears likely that down in the depths of 
the stars are other unknown and heavier 
atoms. Later on, we shall find another 
reason why this must be so, namely that 
no terrestrial atoms, not even radium or 
uranium, can produce anything like the 
amoimt of energy which these stellar 
atoms are observed to produce. 

The Immensity of Time 

The inunensity of space is paralleled 
by that of time. We can estimate the 
ages of stars from the impression that 
time has made upon them, just as we 
estimate the age of a tree from the number 
of subdivisions of its stem, or of rings in 
its cross section. There are three principal 
methods of doing this. The orbits of 
binary stars, which are circular at birth, 
are gradually knocked out of shape by 
the forces from passing stars. As we can 
calculate the rate at which this process 
occurs, the shape of stars* orbits can be 
made to reveal their ages. The moving 
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clusters provide a second method. Groups 
of bright stars such as the Great Bear, 
the Pleiades, Orion's Belt, are often found 
to consist of exceptionally massive stars 
which move in regular orderly formation 
through a jumble of slighter stars, like 
a flight of swans through a confused 
crowd of rooks and starlings. Swans, 
however, are conscious beings, and con- 
tinually adjust their flight so as to preserve 
their formation. .. The swan-like stars 
cannot do this, so that their orderly 
formation must in time be broken by the 
gravitational pull of other stars. When 
this happens, the lighter stars are 
naturally knocked out of formation first, 
while the most massive stars retain their 
formation longest. This agrees with 
what is observed, and as we can calculate 
the time necessary to knock out the 
lighter stars, we can at once deduce the 
ages of those which are left in. A third 
method of investigation rests upon a 
rather abstruse d3mamical theorem, which 
shows that after a sufficient time the 
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energies of motion of the different types 
of stars must tend to equality, the little 
stars making up for the smallness of their 
mass by the rapidity of their motion. 
Dr. Scares, of Mount Wilson Observatory, 
has shown that the stars near the sun 
have nearly attained to this ideal state, 
and as we can calculate the time needed 
to establish it, we can again deduce the 
ages of the stars. 

It is gratifying and significant that all 
three lines of investigation lead to the 
same result : the stars are found to be 
some millions of millions of years old, 
perhaps from five to ten millions of 
milhons. We cannot state their ages with 
much precision, but it is the general 
order of magnitude, not the exact figure, 
that is important. 

The Source of Stellar Radiation 

Year after year, century after century, 
for millions of millions of years, the sun 
radiates enough energy from each square 
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inch of its surface to keep a fifty horse- 
power engine continually in action ; still 
hotter stars may radiate as much as 
30,000 horse-power per square inch. 
If this energy were produced by the 
combustion of coal, the stars would all 
be completely burnt out in a few hundreds 
or thousands of years. Where, then, 
shall we find a source of energy to last 
millions of millions of years ? 

'More than twenty years ago I directed 
attention to the enormous store of energy 
made available by the annihilation of 
matter, by positively and negatively 
charged protons and electrons falling into 
and annihilating one another, thus setting 
free the whole of their intrinsic energy 
as radiation. On this scheme neither 
energy nor matter had a permanent 
existence, but only a sort of sum of the 
two ; each was, theoretically at least, 
convertible into the other. 

When I put forward this hypothesis, 

I thought I was advocating something 
entirely revolutionary and unheard-of, 
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but i have since found that Newton had 
anticipated something very similar exactly 

two centuries earlier. In his Opticks (1704) 
we find : 

** Query 30. Are not gross bodies and 
' light convertible into one another ; and 

* may not bodies receive much of their 
' activity from the particles of light which 

* enter into their composition ? 

“ The changing of bodies into light, and 
‘light into bodies, is very conformable 
‘ to the course of Nature, which seems 

* delighted with transmutations. Water, 

‘ which is a very fluid, tasteless salt, she 
‘ changes by heat into vapour, which is 

a sort of air ; and by cold into ice, which 
‘ is hard, peUucid, brittle, fusible stone ; 

‘ and this stone returns into water by heat, 

‘ and vapour returns into water by cold. . . 

‘ Eggs grow from insensible magnitudes, 

‘ and change into animals ; tadpoles, into 
‘ frogs ; and worms, into flies. All birds, 

‘ beasts and fishes, insects, trees, and 
' other vegetables, with their several parts, 

“ grow out of water and watery tinctiires 
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“ and salts ; and by putrefaction, return 
* ‘ again into watery substances. And water, 
“ standing a few days in the open air, 
“ yields a tincture, which (like that of 
“ malt) by standing longer yields a sediment 
and a spirit ; but before putrefaction is fit 
“ nourishment for animals and vegetables. 
“ And among such various and strange 
transmutations, why may not Nature 
“ change bodies into hght, and light 
“ into bodies ? " 

For reasons which will appear later, it 
is highly improbable that hght is ever 
transformed into matter, but the falhng 
together of positively charged atomic 
nuclei and negatively charged electrons 
provides an obvious mechanism for the 
transformation of matter into energy, 
and, as we shall now see, it is practically 
certain that this is the actual source of 
the radiation of the stars. 

1 A beam of radiation exerts pressure 
j on any surface it falls upon, just as a 
jet of water does or a blast of air. The 
reason is that radiation carries mass about 
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with it, and electromagnetic theory 
tells us the amount of this mass. For 
example, we can calculate that a search- 
light which is radiating 50 horse-power 
‘of energy is discharging mass into space 
with the radiation at the rate of a gramme 
and a quarter a century ; with sufficiently 
delicate adjustments it might even be 
possible to observe the recoil of the 
searchlight. Indeed, the pressure of 
radiation has actually been measured, 
although not in this particular way. 
New mass is of course being continually 
fed into the searchlight by the electric 
current ; if it were not so, the searchlight 
would weigh a gramme and a quarter less 
after functioning for a century, this being 
the weight of the light it had emitted in 
this period of time. 

Each square inch of the sun’s surface 
is in effect a searchlight discharging 
radiation into space at the rate of 50 horse- 
power, and so is discharging mass at the 
I rate of a gramme and a quarter a century, 
and the sun’s surface is so large that the 
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sun as a whole is discharging mass into 
space at the rate of 250 million tons a 
minute. Now the sun has no source 
of replenishment. It must have weighed 
360,000 million tons more yesterday 
than to-day, and by to-morrow will 
weigh 360,000 million tons less. These 
are not mere speculative statements ; 
they rest on observation, and on generally 
accepted principles which are directly 
confirmed by observation. 

Allowing for the fact that a more 
massive star emits more radiation than 
a less massive one, we can calculate 
that five or ten million million years 
ago the sim must have been several times 
as massive as it is to-day, so that it has 
already lost most of the mass it had at 
birth. Of each ton it had at birth only 
a few hundredweights at most remain 
to-day. The loss of mass which accom- 
panies radiation is, then, no mere academic 
hair-splitting. It is a real astronomical 
phenomenon, and young stars must be 
many times as massive as old stars. 
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There is a certain amount of direct 
evidence of this change of mass. The 
radiation of the stars imposes an endlessly 
recurring capital levy upon their masses, 
which, as observation shows, is graduated 
and increases very steeply indeed for the 
richest stars. The levy makes all the stars 
poorer, but it also tends to equalise what 
wealth remains ; the older the stars get, 
the more nearly equal their impoverished 
masses become. This is a large part of 
the reason why the stars are nearly equal 
in mass. The process is most clearly 
marked in the binary systems, which 
have been formed by a single star breaking 
into two. The two component stars 
of such a system are necessarily of the 
same age, and it is a matter of observation 
that the small stars of old systemsYare 
nearer to equality of mass than ^ the 
massive stars of young systems. 

Thus observation and theory agree in 
indicating that the universe is melting 
away into radiation. Our position is 
that of polar bears on an iceberg that has 
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broken loose from the icepack surrounding 
the pole, and is inexorably melting away 
as the iceberg drifts to warmer latitudes 
and ultimate extinction. 

The Annihilation of Matter 

Five million million years ago the sun 
had stored up within itself the energy 
which was destined to provide its light 
and heat until to-day, and the mass of 
this energy was many times the present 
mass of the sun. No means is known by 
which so much mass could be stored 
except in the form of electrons and protons. 
Thus we must suppose that the radiation 
of the sun through these millions of 
millions of years has been produced by 
the annihilation of electrons and protons 
which existed in it originally, but no 
longer exist now. These electrons and 
protons are pure bottled energy ; the 
continuous breakage of these bottles 
in the sun sets free the radiation which 
warms and lights our earth, and enough 
imbroken bottles remain to provide 
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light and heat for millions of millions 
of years- to come. 

The amount of energy made available 
in this way is amazing. The annihilation 
of a pound of coal a week would produce 
as much energy as the combustion of 
the five million tons a week which are 
mined in the British Isles ; an ounce of 
coal a month would provide locomotive 
power for all the British railways, while 
a single drop of oil would take the 
Mauretania across the Atlantic. When 
we speak of the efficiency of a steam engine 
as 5 per cent, or so, we regard complete 
use of the thermal energy of combustion 
as 100 per cent, efficiency. If we measure 
the work done against the total intrinsic 
energy of the fuel, as made available 
by its complete annihilation, the efficiency 
is more like 0*00000001 per cent. On this 
scale the efficiency of the sun and stars 
is exactly 100*00 per cent. 

Modem physical theory shows that the j 
annihilation of an electron must produce 
a single flash of radiation of wave-length ' 
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fax shorter than any we can produce on 
earth. As this radiation threads its way 
through a star, its wave-length is 
continually increased, or, to use the 
technical term, the radiation is continually 
softened. In time it becomes y-radiation, 
then hard X-radiation, then soft X- 
radiation, and finally it emerges from the 
surface of the star as ordinary light and 
heat. Consider, however, an electron 
which is annihilated not inside a star but 
outside in free space, or in one of the 
almost transparent nebulae. The short 
wave-length radiation now imdergoes 
no softening, but travels on until it meets 
something capable of checking it Thus 
all astronomical bodies, including the 
surface of the earth, ought to be under 
continual bombardment by radiation of 
shorter wave-length, and consequently 
of greater penetrating powers, than any 
we can produce on earth. 
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Highly Penetrating Radiation 

Many years ago such radiation was 
detected in the earth's atmosphere by 
Prof. McLennan, now of Toronto, by 
Sir Ernest Rutherford, and other observers ; 
it has recently been studied in detail by 
Prof. Millikan of Pasadena and others. 
There is no reason to doubt that it originates 
just where it ought to, namely in the great 
nebulae, and its amount is about what 
it ought to be, if it is evidence of the 
whole imiverse melting away into 
radiation. The wave-length of the 
radiation might be expected to reveal 
the physical process by which it is 
generated, but the evidence is a bit 
puzzling. The hardest terrestrial radiation 
penetrates inches of lead and corresponds 
to a voltage of htmdreds of thousands 
of volts. The cosmic radiation penetrates 
about five yards of lead, and the hardest 
I rays are now found to correspond to about 
i 60 million volts. Prof. Millikan was at 
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one time inclined to attribute the rays 
to the combination of four atoms of 
hydrogen to form an atom of helium, 
but rays so produced would only be of 
the hardness corresponding to 30 million 
volts. There are many ways known to 
physics of softening radiation, but none 
of hardening it. Thus we must look for 
some source more energetic than the 
synthesis of hydrogen into helium, and 
I can see no possible stopping-place 
short of the annihilation of matter. 
Again, we are not dealing with a minute 
phenomenon of mere academic interest. 
In a sense this radiation is the most 
fimdamental physical phenomenon of the 
whole luiiverse, most regions of space 
containing more of it than of visible 
light or heat. Our bodies are traversed 
by it night and day. Short of going 
down into a mine or in a submarine 
we cannot escape it, and it is so intense 
that it breaks up several million atoms in 
each of our bodies every second. It may 
be essential to life or it may be killing us. 
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The Final End of Radiation 

There has been much discussion as to 
the ultimate fate of astronomical radiation. 
An almost infinitesimal fraction strikes 
the earth in the various forms of sunlight, 
starlight and highly-penetrating radiation, 
and further minute fractions must 
similarly strike, and be absorbed by, 
other bodies in space, but the vast 
majority will merely wander on and on 
without ever meeting a target of any 
kind. So long as space was believed to 
be infinite in extent, radiation could be 
ima^ned to travel for ever onwards, 
but in a finite universe it can only travel 
round and round like a squirrel in a cage. 
It has been suggested that the radiation 
poured out from millions of millions of 
stars through millions of millions of years 
may ultimately cause space to become 
overcrowded with radiation, just as a 
cage would become overcrowded with 
squirrels if we kept putting them in and 
never took any out. Or again, it may be 
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as though we kept putting lump after 
lump of sugar into the same cup of tea 
until finally the tea became saturated 
with sugar and refused to dissolve any 
more, at any rate unless some of the 
sugar already in solution crystallised 
out afresh as new sugar. 

Calculation shews that the universe 
is in no danger of approaching either of 
these conditions. Let us pass at once 
to the extreme limit and imagine every 
atom of the present universe, stars, 
nebulae and aU else, suddenly trans- 
formed into radiation. We can estimate 
how much matter there is in the average 


cubic mile of the present universe, and 
so can calculate how much radiation there 
would be to the cubic mile if this matter 
all dissolved into radiation. We find that 
it would only raise the temperature of 
space from absolute zero to about eleven 
degrees above absolute zero, or to 
— 262 degrees Centigrade, a temperature 
well below that of liquid air. It is 
known that the temperature of the earth's 
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surface is determined almost entirely by the 
amounts of heat and light it receives 
from the sun, the radiation from all other 
stars, including that wandering round and 
round space, contributing practically 
nothing. We can calculate that if the 
whole universe, apart from the sun, were 
suddenly to melt into radiation, the 
temperature of the earth would be raised 
less than a five-thousandth part of a 
degree, and, except for the stars being 
blotted out, we should notice absolutely 
nothing. The radiation of ten thousand 
dead universes may even now, for ought 
we know, be wandering round space ; 
nothing less than the radiation from 
himdreds of thousands would be suscep- 
tible of scientific measurement. Thus 
we cannot tell how many universes may 
have perished into radiation and be 
wandering in this ghostly form aroimd 

space, but there is certainly ample room 
for one more. 

With an ardour equalled only by that 
of man's longing for personal immortality, 
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many seem to desire that the universe 
itself should prove in some way to be 
immortal. Science sees matter being 
annihilated here, they argue, and its 
energy transformed into radiation, but 
in other parts of the universe this very 
radiation may be forming new heavens 
and a new earth ; the tide only ebbs on 
our shores because it is rising on some 
other distant shore unknown to us. 

The considerations we have just men- 
tioned are sufficient to dispose of any 
such belief, but the matter can be further 
tested by direct numerical calculation. 
We have seen that if space starts empty 
of all radiation the melting away of our 
present universe will raise its temperature 
by about 11 degress. And calculation 
shews that the universe will not become 
saturated with radiation, in the way in 
which the tea may become saturated 
with sugar, unto it reaches a temperature 
of 7,500,000,000,000 degrees. At this 
temperature, and not before, space refuses 
to absorb any more radiation, or if it does, 
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it rids itself of an equivalent amount by 

forming new matter out of it. And to 

raise space to this temperature would 

^ require the dissolution of some 3 X 10^’ 

I universes similar to our present universe. 

The number is millions of times greater 

than the number of grains of sugar that 

could be melted in the Atlantic before 

this began to crystallise out into new 

sugar. Thus the melting away of the 

whole of the present imiverse into 

radiation is something less than the 

melting of a single grain of sugar in the 

Atlantic, and the radiation of the stars 

is as far from creating new worlds as 

is the sweetness of a single grain of sugar 

from turning an ocean into candy. 

Space is so vast by comparison with 

the amount of matter it contains that 

our simile of melting lumps of sugar in 

a tea-cup was wrongly conceived ; we 

ought rather to have discussed the 

dropping of a single grain of sugar into 
the Atlantic. 

We may sum up by saying that the 
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capacity of space for radiation is practically 
infinite when judged by any amount of 
radiation which can ever be poured into it. 

‘ It follows that the transformation of 
matter into radiation is a " one-way ”, 
or as it is technically called, an ” irre- 
versible ” process. Matter can change 
into radiation, but under present conditions 
radiation can never change back into 
matter. Ultimately a time must come 
when every atom which is capable of 
dissolving into radiation will have done 
so. The universe is like a clock which 
is running down, a clock which, so far as 
science knows, no one ever winds up, 
which cannot wind itself up, and so must 
stop in time. It is at present a partially 
wotmd-up clock, which must, at some 
time in the past have been wound up 
in some manner unknown to us. By 
studying the mechanism of the clock, and 
noting the length of spring which is still 
coiled up and the length already uncoiled, 
we can estimate the length of time the 
clock has still to run, and the length of 
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time since it was wound up, but we can 
obtain no evidence as to the way in which 
it was originally wound up and set going. 

Our scientific ancestors of half a century 
ago were wont to regard the universe as a 
fortuitous concourse of atoms which, 
created they knew not when or how, 
had fallen together and chanced to form 


the earth and the starry heavens. The 
wider knowledge of to-day shews that the 
main mass and the main energy of the 
umverse do not exist in the form of atoms 
but of intangible radiation. We may say 
that the universe is mainly a universe of 
radiation, combined, in a far lesser degree, 
with the atoms out of which radiation is 
continually being formed. Can we regard 
this new imiverse as a fortuitous concourse 
of atoms and radiation ? 


The analogy of the clock at once 
suggests a negative answer, which exact 
calculation emphatically confirms. A 
fortuitous concourse of any ingredients 
whatever must after sufficient time reach 
a state which the physicist describes 
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a “ condition of maximum entropy ", but 
which for the sake of brevity we may call 
the " final state " ; it is the state of the 
clock which has run completely down. No 
matter how the ingredients start, provided 
they are always the same ingredients, 
their final state is always the same. If 
the ingredients are a cup of tea and four 
lumps of sugar, the final state is a uniform 
mass of sticky liquid of rather sickly 
sweetness, and this is always just the same, 
no matter how or where or in what order 
I put the ioMT lumps of sugar in my tea. 

The final state of the imiverse admits 
of very exact calculation. We only need 
to know the ingredients, which are matter 
and radiation ; we do not need to know 
either their present arrangement or dis- 
tribution, or the mechanism by which the 
universe works towards its final state. 
All roads lead to Rome and Rome is very 
easily located. Calculation shows that in 
the final state the odds against even a 
single atom which is capable of dissolving 
into radiation remaining undissolved are 
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quite unthinkably great, being something 
like lO^^^ooo.ooo.ooo to one. Since many 

such atoms are still undissolved, we may 
dismiss the possibility of the present 
universe being in its final state. Now 
the odds against the present division of 
the total energy of the universe into 
atoms and radiation being fortuitous are, 
as it happens, precisely the same as the 
odds against the universe having reached 
its final state ; indeed the mathematical 
specification of a fortuitous state is 
precisely the same as that of a final 
state, and this enables us to dismiss the 
fortuitous conception of the universe 
as being entirely out of the question. 
Everything points with overwhelming 
force to a definite event, or series of events, 
of creation at some time or times, not 
infinitely remote. The universe cannot 
have originated by chance out of its 
present ingredients, and neither can it 
have been always the same as now. For 
in either of these events no atoms would 
be left save such as are incapable of 
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dissolving into radiation ; there would be 
neither sunlight nor starlight but only a 
cool glow of radiation uniformly diffused 
through space. This is, indeed, so far 
as present-day science can see, the final 
end towards which all creation moves, 
and at which it must, at long last, arrive. 

“ Then star nor sun shall waken, 

Nor any change of light ; 

Nor sound of waters shaken, 

Nor any soimd or sight : . . . 

Only the sleep eternal 
In an eternal night." 

The Evolution of Stellar Matter 

Let us now turn our attention from 
stellar radiation to the stellar atoms which 
produce this radiation by self-annihila- 
tion. The fundamental process by which 
radiation is released is the falling into 
one another of a pair of oppositely charged 
electric particles. When this happens 
the particles an nihila te one another and 
disappear. In their place appears a splash 
of radiant energy which travels through 
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the star until, after innumerable absorp- 
tions and re-emissions, it reaches the 
star’s surface and wanders off into space. 
Each splash is similar to the splashes 
produced by radio-active material in the 
spinthariscope, except for being many 
thousands of times more powerful. The 
great energy of the splashes is to some 
extent counterbalanced by their rarity. 
In the Sim, for example, only about one 
atom in every IQi’ annihilates itself each 
hour. A cubic inch of the sun's mass 
contains, let us say, 10^ atoms, and 
of these about 1,000,000 are annihilated 
every hour. The energy produced in a 
cubic inch of the sim's mass is thus not 
very great, averaging about 150,000 ergs 
per hour, which is roughly the' energy of 
a hundred-thousandth part of a candle- 
power ; the enormous flow | of energy 
from the sun's surface results from the 
fact that all the energy produced in a 
cone 433,000 miles in depth has to 
stream out through the mouth of this 
cone. 
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We naturally inquire what types of 
atoms can be responsible for the genera- 
tion of this radiation. The sun's present 
radiation is such as would be produced 
by an average generation of two ergs per 
second for each gramme of its mass, and 
to the best of our knowledge it has 
generated and radiated at this, or a greater, 
rate, for some millions of millions of years. 
Could the sun have any such radiating 
capacity if its interior were formed of 
the common terrestrial elements, 
hydrogen, oxygen, calcium, iron, silicon, 
etc. ? 

One’s first impulse is to say, No. Even 
if the sun were built of pure uranium, 
its radiating power would be only about 
one-half of that observed, and would only 
last for a minute fraction of what is 
believed to have been the sim's life. A 
sun of pure radium would radiate more 
than enough for the moment, but its life 
would be limited to a few thousand years. 

I No possible combination of terrestrial 
elements can give the combination of 

m 
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high radiation and of staying power which 
is observed in the sun and stars. 

We must, however, remember that 
stellar interiors are at pressures and 
temperatures which are quite imattain- 
able in our laboratories. We are led to 
wonder whether our terrestrial elements 
would behave quite differently if they 
were exposed to stellar conditions. Is it 
possible, for example, that the sun's 
interior is formed of ordinary terrestrial 
elements, which owe their high generation 
of energy merely to their high temperatures 
and pressures ? Or, to put the question 
in a more general form, does the genera- 
tion of energy proceed more merrily, do 
the electrons and protons annihilate 
one another more frequently, when the 
stellar matter is in a state of high tempera- 
ture and pressure ? Are atomic suicides 
more frequent when the heat and pressure 
are greater ? 

General theoretical physics frowns on 
any such suggestion, while d5mamical 
theory demurs to it on the groimds 
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that it would probably cause the whole 
universe to turn explosively into radiation. 
But perhaps the most direct argument 
against the suggestion is provided by 
observational astronomy. 

The stars which are observed to radiate 
most energetically are not, broadly 
speaking, those in which the stellar 
material is at the highest temperatures 
and pressures. Indeed such stars are 
often enough put to shame in the matter 
of radiation by cool stars in which the 
pressure is low. The star S. Doradus, 
which we have mentioned as being the 
most luminous of known stars, is also one 
of the coolest and its interior is at an 
exceptionally low pressure, while Wolf 359, 
the least luminous of known stare, has 
stupendous temperatures and pressures in 
its interior. If we arrange the stare in 
order of their energy of radiation per unit 
mass, we shall find we have arranged them 
( neither in order of temperature nor of 
pressure, but in order of their weights ; 
the most massive stars radiate most 
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■ energeticaUy. And, as the Ufe history of a 
star consists primarily of a continuous 
loss of weight as its substance melts away 
mto radiation, the heaviest stars are also 
the youngest and the least massive stars 
are the oldest. We accordingly find that 
the stars which radiate most energetically 
in proportion to their masses are the 
youngest stars, regardless of their interior 
temperatures and pressures ; the older 
stars appear to be tired out. 

Now if the radiation of the staxs 
emanated from ordinary terrestrial matter 
raised to high temperatures and pressures 
we should expect to find those stars in 
which the temperatures and pressures 
were highest radiating the most energetic- 
ally. This is emphatically not observed. 
Instead we find that energetic radiation 
IS an accompaniment of stellar youth. 
We conclude that radiation proceeds from 
types of matter which annihilate them- 
selves, and so disappear altogether, as 
the star ages. We cannot say for certain 
that our terrestrial atoms contribute 
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nothing at all, but they can at best 
contribute very little. If the average 
atom of the earth generated even a ten- 
thousandth part as much energy as the 
average atom of the sun, the earth's surface 
would be too hot for human habitation. 

’ Our terrestrial atoms have so little 
capacity for annihilating themselves and 
forming radiation that they may properly 
be described as “ permanent The 
atoms of radioactive elements of course 
form an exception ; they probably repre- 
sent the last survi'ring vestiges of more 
vigorous primeval matter, thus forming 
a bridge between the inert permanent 
atoms and the more short-lived atoms 
which generate the radiation of the stars. ^ 

Lucid Matter 

As far back as 1692 Newton, writing 
to Dr. Bentley, postulated that the stars 
must be formed of a special " lucid 
type of matter, different from ordinary 
terrestrial or ** non-lucid " matter. As 
we have seen, a study of modem 
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astronomy shews that the distinction was 

a sound one. It is still essential to an 

understanding of the main mechanism of 

the universe. The distinction is not quite 

so clear-cut as Newton thought, since the 

radioactive atoms probably provide a 

sort of bridge or transition between the 

two. The lucid atoms are probably the 

parents *' of the radioactive atoms, just 

as the latter are, at least in part, the 

^ parents ** of the permanent atoms. 

The scheme to which we are led may 

be indicated diagrammatically as 
follows : — 


Lucid Atoms. 
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There are probably 92 types of atoms 
existing on earth, although two of these 
have not yet been identified or isolated. 
They are distinguished by the number 
of electrons which revolve about the 
central nucleus, this number being 
commonly called the " atomic number ", 
It ranges from 1 in hydrogen, which is 
the lightest and simplest atom possible, 
up to 92 in tiranium, the heaviest and 
most complex of all atoms known on earth. 
It is significant that all the atoms with 
atomic numbers below 84 are ‘ per- 
manent shewing no tendency to change 
into simpler elements or radiation, while 
all with atomic numbers above 83 are 
' radioactive continually changing into 
simpler atoms and into radiation, and so 
disappearing from the earth even as we 
write and read. 

As we have been led to look on the 
radioactive elements as being a half-way 
house between the ‘ permanent * atoms 
of the earth and the ‘ lucid ' atoms of the 
stars, it is natural to expect these latter 
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to have atomic numbers higher than 92 ; 

indeed there is hardly any alternative 

open to us, since all but two of the first 

92 places are already known to be occupied 

by terrestrial atoms. This fits in exactly 

with the requirements of the theory of 

liquid stars, which, as we have already 

seen, requires stellar atoms to be just a 

bit heavier and more complex than 

uranium, so as to resist being completely 

broken up by the intense heat of stellar 
interiors. 

The lucid atoms being the heaviest 
atoms in a star, must naturally sink to 
its centre, while the permanent atoms, 
being the lightest, float to the surface. 
Thus the atoms which reveal their presence 
in the spectre of the sim and stars, in the 
light emitted by their outermost surfaces, 
can be only the lightest of the atoms 
existing in the star. The earth, formed 
originally out of the sun's outer layers, 
can only contain the lightest of the atoms 
existing in the sun. This is why the earth 
contains only permanent atoms which 
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do not dissolve into radiation. This 
circumstance alone makes life possible on 
earthy for if the earth contained any 
appreciable proportion of lucid atoms it 
would be too hot for us to live on. The 
same circumstance endows the earth 
with a kind of melancholy immortality ; 
it is exempt from the general destiny of 
matter to turn into radiation, and will 
continue to exist long after the stars have 
tinned into darkness and all life and 
light have vanished from its surface. 

We have to suppose that primeval 
matter consists of a mixture of atoms of 
varying atomic weights and numbers, 
and so of varying degrees of complexity. 
The lucid elements, which are the most 
complex, are the first to disappear, 
their disappearance reducing both the 
star's capacity for radiation and also the 
average complexity of its atoms. Just 
as, on the coast, the hardest rocks survive 
for longest the disintegrating action of 
the sea, so, in a star, the lightest element 
survive for longest the disintegrating 
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action of time. Ultimately the star loses 

all radiating power and consists only of 

the lightest atoms of all, the permanent 
atoms. I 

I 

Thus the general trend of chemical 
evolution in the universe as a whole 
appears to be from complex to simple, 
'radiation being regarded as the simplest 
entity of all. This is contrary to the 
views of the early spectroscopists, who 
believed they had found evidence of a 
progressive change from simple to 
complex. They found, for example, that 
the spectrum of Sirius exhibited hydrogen 
lines very strongly and calcium lines very 
weakly ; in the solar spectrum the relative 
strength of these two sets of lines was 
reversed, calcium being strong and 
hydrogen weak. They concluded that 
hydrogen was specially prominent in the 
constitution of Sirius and calcium in that 
of the sun. Believing that Sirius must 
one day develop into a star similar to our 
sun, they conjectured that its substance 
must gradually change from hydrogen into 
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calcium and other more complex elements, 
thus finding support for the long- 
established hj^othesis that the more 
complex elements were formed by gradual 
evolution out of the simplest. 

The true interpretation of these early 
observations, as the recent investigations 
of Saha, R. H. Fowler and Milne have 
abundantly proved, is merely that the 
surface of Sirius is at a temperature at 
which hydrogen is specially active in 
emitting and absorbing radiation, while 
the sun's surface is at a lower temperature 
at which hydrogen is comparatively 
inert, calcium, iron, etc., having become 
active in its place. Just as the laboratory 
physicist can produce different spectra 
from the same vacuum-tube by varying 
the mode and conditions of excitation, so 
Nature produces different spectra from 
the same stellar material by varying 
its temperature. 

Clearly this circumstance robs stellar 
spectra of all direct evolutionary 
significance. The spectra of the stars f 
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merely tell us their present surface 
temperatures, so that, even if we could 
arrange the stars in order of age, a com- 
parison of their spectra would only show 
whether their surfaces were becoming 
hotter or cooler ; it would give no 
information as to evolutionary chemical 
changes occurring in their substance. 

To investigate such changes we must 
probe down below the surface layers from 
which the star’s spectrum emanates, and 
a study of the fundamental changes 
in the main body of the star suggests, 
as we have seen, an evolution from complex 
to simple — from the complex lucid atoms 
to simpler atoms and radiation. Such 
chemical evolution as we are acquainted 
with on earth, that of the radioactive 
elements, is in the same direction. This 
is the opposite direction to biological 
evolution, which proceeds from simple 
to complex. If the inanimate universe 
moves in the direction we suppose, 
biological evolution moves like a sailor 
who runs up the rigging in a sinking ship. 
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Although the range in the masses of 
the stars is not very great, it is far greater 
than can be attributed to variation in the 
atomic weights of the atoms of which they 
are composed. A very massive star such 
as Betelgeux, which has perhaps fifty 
times the weight of the sun, must contain 
more atoms than the sun. And, as we 
suppose that Betelgeux will in time shrink 
into a star similar to the sun, it follows 
that this shrinkage must be accompanied 
by an actual annihilation of atoms. There 
will be fewer atoms in Betelgeux in the 
future than now. It is not enough to 
think of the complex atoms breaking 
down into simpler atoms as the radioactive 
atoms do ; they are destined to disappear 
completely. 

Yet any * permanent ' atoms there 
may now be in Betelgeux must necessarily 
survive in the final shrunken star of 
perhaps only one per cent, of the mass of 
the present star, so that ninety-nine per 
cent, of the present mass must consist of 
non-permanent atoms. The primeval 
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matter of the universe must then consist 
mainly of non-permanent atoms ; atoms 
of our terrestrial type are the exception 
rather than the rule. They are a mere by- 
product of the main processes of the 
universe, a residue of ash which persists 
merely because it is incapable of com- 
bustion. We begin to realise that our 
terrestrial physics and chemistry are only 
the outermost fringes of far-reaching 
sciences. Beyond the seashore we have 
explored in our laboratories lies the ocean 
whose existence we are just beginning to 
sixspect. 

The need for caution in our interpreta- 
tion of the universe is borne in upon us 
with overwhelming force when we reflect 
that the new world in which astronomy 
moves to-day is all a discovery of the 
present century. It is not merely that 
our present concepts of the extent of the 
universe in space and of its duration in 
time are new revelations to us ; our 
understanding of its fundamental 
mechanism is equally new. The conversion 
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of matter into radiation, which appears 
to be the primary physical process of the 
universe, did not come within our terrestrial 
purview at all until 1904. The primary 
matter of the universe appears to consist 
of elements whose existence we are only 
just beginning to suspect, and to exist 
in the state of almost completely 
broken-up atoms, a state of matter which, 
again, was not contemplated before 1917. 
The primary radiation of the universe 
is not visible light, but short-wave radia- 
tion of a hardness which would have 
seemed incredible at the beginning of the 
present century. Indeed, our whole 
knowledge of the really fundamental 
physical conditions of the universe in 
which we live is a growth of the last quarter 
of a century. 

The simple explanation of this situation 
is to be found in the fact that life, 
naturally enough, begins its exploration 
of Nature by studying the conditions 
which immediately surround it ; the study 
of the general conditions of the universe 
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as a whole is a far more difficult task which 
life on this planet is only now approaching. 
Now the physical conditions under which 
life is possible form only a tiny fraction of 
the range of physical conditions which 
prevail in the xmiverse as a whole. ( The 
very concept of life imphes duration in 
time ; there can be no life where the 
atoms change their make-up millions of 
times a second and no pair of atoms can 
ever become joined together. It also 
implies a certain mobility in space, and 
these two implications restrict life to the 
small range of physical conditions in which 
the liquid state is possible._^ Our survey 
of the universe has shown how small this 
range is in comparison with the range of 
the whole universe. Primeval matter must 
go on transforming itself into radiation 
for millions of millions of years to produce 
an infinitesimal amount of the inert ash 
on which life can exist. Even then, this 
residue of ash must not be too hot or too 
cold, or life will be impossible, and endless 
other conditions, of which we know 
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nothing, must in all probability be satisfied 
before life comes into being. We cannot 
be too suspicious of the interpretation 
which our minds, trammelled with long 
brooding over, and experience limited to, 
one tiny comer, puts on the greater 
universe we are just beginning to discover.^ 

The Lives of the Stars 

The stars are almost certainly bom in 
nebulae of the type of the great extra- 
galactic nebulae, such as are shown in 
Plates I, II, III, and IV. These nebulae show 
a great variety of shapes, but a single 
thread connects them aU ; they are the 
shapes of huge masses of gas endowed 
with different amounts of rotation. So 
definitely is this the case that when Dr. 
Hubble recently tried to classify the 
shapes of these nebulae, deliberately and 
avowedly shutting his eyes to aU 
theoretical considerations, he found that 
purely observational considerations com- 
pelled him to classify them in precisely 
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the sequence I had predicted on theoretical 
grounds some ten years earlier. 

A huge mass of gas which was entirely 
i devoid of rotation would of course assume 
a strictly spherical shape ; rotation would 
flatten this shape out, just as the earth i^ 
flattened by its rotation, until ultimately 
most of the matter was spread out in a 
thin disc. We see the process beginning 
in Fig. 1 (p.i 8), it is well advanced in Fig. 2, 
and has assumed a rather extreme 
form in Fig. 3 (p. 20) . Fig. 4 shows a nebula 
which is probably physically similar 
to that shown in Fig. 3, but viewed 
from another angle. The nebula shewn 
in the frontispiece is again probably 
similar but even more advanced. Now 
mathematical theory shows that the thin 
disc-like structure could not remain a 
mere featureless mass of gas. Just as the 
cooling of a cloud of steam causes it to 
condense into drops of water, so the 
cooling of a cloud of gas causes it to 
i condense into detached masses. We see 
the phenomenon in progress in any 
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collection of nebular photographs, such 
as those shewn in the present book ; 
it is a necessary theoretical consequence 
of the laws of gases and the law of 
gravitation. 

Now the same theory which predicts 
that the phenomenon must happen, 
predicts the scale on which it will happen. 
We can calculate how much matter will 
go to the formation of each ' drop and 
the calculated masses of the drops come 
out to be just about the same as the 
masses of the stars. Indeed these drops 
are stars, and the process just described 
is that of the birth of stars. Unmistakable 
stars have been observed in the outer 
regions of many of the spiral nebula, 
including the nebula M 81 which figures 
as the frontispiece. It is naturally not 
possible to identify every observed spot 
of light with a star, but some of them 
show precisely the same peculiar fluctua- 
tions of light as characterise a certain 
class of variable star, the Cepheid variables 
already mentioned, and these put the 
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identity of these particular spots of light 
beyond all reasonable doubt. 

In these nebulae, then, we are watching 
the birth of stars, the transformation of an 
inchoate mass of gas into an island 
universe ” of stars. Indeed Dr. Hubble 
foimd it necessary to end up his classifica- 
tion of nebulae with clouds of stars. At 
one end of his continuous sequence is a 
nebula, shaped like a mass of rotating 
gas, in which not a single star is visible ; 
at the other end a star-cloud such as the 

Greater Magellanic Cloud shewn in Plate V. 

in which nothing but stars are visible. 
Our galactic system of stars is probably 
the final product of just such a transforma- 
tion, the Milky Way still recording the 
position of the equatorial plane of the 
original nebula. 

We can form fairly precise estimates of 
the time since the stars were bom, from 
the circumstance that they were probably 
far more massive at birth than they now 
are. If the sun continued to lose mass at 
precisely his present rate of 360,000 
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million tons a day, he would last for just 
about 15 million million years. Similarly 
if he had always radiated at his present 
rate, he would have had double his 
present mass 15 X 10 ^^ years ago, treble 
his present mass 30 X 10 ^^ years ago and 
so on. But we know that the rate of 
radiation is nothing like uniform ; observa- 
tion shews that the more massive stars 
bum up their substance far more rapidly 
than the less massive stars, and we may 
assume that when the sun was many 
times as massive as he now is, his rate of 
decay was correspondingly greater than 
now. Allowing for this we find that the 
sun would have had 

double its present mass 5*7 X 10'* years ago 
four times „ 7*1 X 10'* ,, „ 

eight „ 7-4 X 10'* „ „ 

sixteen „ 7*5 X 10'* ,, ,, 

thirty-two ,, 7*6 X 10'* „ ,, 

We notice that when, if ever, it was 

thirty- two times as massive as now, it 
would scatter half of its mass away in 
radiation in only 100,000 million years. 
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so prodigal are the stars of their substance 
in their early years when they have plenty 
to spend. As a consequence of their 
running through the early stages of the 
careers at such a high speed, we can 
estimate the age of the sun, or of any 
other star, with fair accuracy without 
knowing what mass it started with. The 
above table suggests that the sun’s age 
; must almost certainly be between 5 and 
8 million million years, and is in all 
probability between 7 and 8. 

The calculation involves only the present 
mass of the sun, and the probable ages of 
other stars can be calculated in a similar 
way from their present masses. Stars are 
like children in that their weights give 
a fairly good indication of their ages, 
although no doubt a good deal must be 
allowed for individual peculiarities. Now 
when we calciilate the ages of a typical 
sample of stars, as for instance those 
within a certain specified distance of the 
sun, we do not find that all ages are 
equally represented, but there is a quite 
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marked preponderance of stars of ages 
between 5 and 8 million million years. 
A large number of stars, then, appear to 
be of about the age of our sun, and there 
is a deficiency, although by no means a 
complete absence, of stars which are very 
much older, or very much younger, than 
our sun. Although the situation is by no 
means free from difficulty, it seems reason- 
able to suppose that a large proportion of 
the stars in the neighbourhood of the sun 
were bom by the break-up of a spiral 
nebula some 5 to 8 million million years 
ago. 

Other groups of stars might of course 
shew different ages. And we cannot say 
how long the stellar matter may have 
been in the nebiilar state before it formed 
stars. Nothing in astronomy fixes with 
any precision the time since 

the great morning of the world, 
when first 

God da^vned on chaos.'* 

Indeed we cannot say whether the 
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matter of the imiverse came into being 
all at once, by a distinct series of 
creations, or continuously. The general 
age of the universe is, however, likely to 
be comparable with that of the sample 
of stars just discussed. 


The Birth of Planets 

After their birth stars do not live entirely 
uneventful lives. They may meet with a 
variety of accidents and these result in 
different observed astronomical forma- 
tions. A star may rotate too fast for 
safety, just as a flywheel may ; when this 
happens it breaks into two, and the two 
stars so formed revolve endless. y about 
one another as a binary system. Two 
stars may run into one another, although 
this is very rare. A more common 
occurrence is for two stars to escape 
running into one another by a narrow 
shave. When this happens, huge tides 
are raised on the two stars involved, and 
these may take the form of long streamers 
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of gas, which ultimately condense into 
* drops * just as did the gas in the outlying 
regions of the spiral nebulae. It seems 
reasonably certain that the planets were 
formed in this way. The two nebulae 
shewn in Plate VI suggest the general 
nature of the process, although whatever 
is taking place here is on a stupendous 
scale. 

The birth of the solar system, then, 
resulted from the close approach of two 
stars ; if a second star had not happened 
to come close to our sun, there would 
have been no solar system. It may be 
thought that with a life of millions of 
millions of years behind it, one star or 
another would have been certain to come 
near enough at some time to tear planets 
out of the body of our sun. Calculation 
shows the reverse ; even after their long 
lives of millions of millions of years, only 
about one star in 100,000 can be 
surrounded by planels bom in this way. 
A quite unusual accident is necessary 
to produce planets, and our sun with its 

[82] 



ASPECTS OF COSMOGONY 


family of attendant planets is rather of 
the nature of an astronomical freak. 

In the thousand million stars surround- 
ing our stm there are, at a moderate com- 
putation, not more than ten thousand 
planetary systems, because there has not 
been time for more than this number to 
be bom. They are of course still coming 
into existence ; calculation suggests a 
birth-rate of about one per thousand 
million years. Thus we should have to 
visit thousands of millions of stars before 
finding a planetary system of as recent 
creation as our own, and, even if life 
similar to our own exists on other 
planets, we should have to visit millions 
of millions of stars before finding a planet 
on which civilization, and interest in the , 
outer universe, were as recent a growth 
as are our own. Utterly inexperienced 
beings, we are standing at the first flush 
of the dawn of civilization. Each instant 
the vision before u ; changes as the rosy- 
fingered goddess paints a new and ever 
more wonderful picture in the sky, while 
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on earth the rolling back of the morning 
mists discloses new, mysterious and 
imsuspected vistas to our bewildered 
gaze. We call it living in an age of 
progress. 

In time the glory of the morning must 
fade into the light of common day, and 
this in some far distant age will give 
place to evening twilight presaging the 
final eternal night. But we children of 
the dawn need give but little thought to 
the far-off sunset. 

It may be suggested that the creation 
of planetary systems is also only at its 
beginning, and that in time every star will 
be surrounded, like our sun, by a family 
of planets. But no ; the stars will have 
dissolved into radiation or disappeared 
into darkness before there is time for this 
to happen. So far as we can judge, our 
part of the universe has lived the more 
eventful part of its life already ; what 
we are witnessing is less the rising of the 
curtain before the play than the burning 
out of candle-ends on an empty stage on 
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which the drama is already over. There 

is not time for many more planets to 
be bom. 

Life and the Universe 

The planets are the only places we know 
where life can exist. The stars are too 
hot ; even their atoms are broken up by 
the intense heat. Nebulae are in everj^ 
way unsuitable ; even if cool solid 
bodies exist in them, they would probably 
be so drenched with highly penetrating 
radiation as to render life impossible. 
We have already noticed how life demands 
a special type of matter, such as does not 
produce intense light and heat by trans- 
forming itself into radiation. We find 
it only in the surfaces of the stars, which 
are too hot for life, and in the planets 
which have been pulled out of these 
surfaces. 

On any scheme of cosmogony, life must 
be limited to an exceedingly small corner 
of the universe. To our baby's wonderings 
whether other cradles and other babies 
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exist, the answer appears to be that there 
can at best be very few cradles, and there 
is no conceivable means of knowing 
whether they are tenanted by babies or 
not. We look out and see a universe 
consisting primarily of matter which is 
transforming itself into radiation, and 
producing so much heat, light, and highly 
penetrating radiation as to make life 
impossible. In rare instances, special 
accidents may produce bodies such as 
our earth, formed of a special cool ash 
which no longer produces radiation, and 
here life may be possible. But it does not 
at present look as though Nature had 
designed the universe primarily for life ; 
the normal star and the normal nebula 
have nothing to do with Ufe except making 
it impossible. Life is the end of a chain of 
by-products ; it seems to be the accident, 
and torrential deluges of life-destroying 
radiation the essential. 

There is a temptation to base wide- 
reaching inferences on the fact that the 
universe as a whole is apparently 
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antagonistic to life. Other quite different 
inferences might be based on the fact of 
oux earth being singularly well-adapted 
to life. We shall, I think, do well to avoid 
both. Each oak in a forest produces many 
thousands of acorns, of which only one 
succeeds in germinating and becoming an 
oak. The successful acorn, contemplating 
myriads of acorns lying crushed, rotten, 
or dead on the ground, might argue that 
the forest must be inimical to the growth 
of oaks, or might reason that nothing but 
the intervention of a special providence 
could account for its own success in the 
face of so many failures. We must 
beware of both types of hasty inference. 

In any case, our three-days-old infant 
cannot be very confident of any interpre- 
tation it puts on a universe which it only 
discovered a minute or two ago. We have 
said it has seventy years of life before it, 
but in truth its expectation of life would 
seem to be nearer to 70,000 years. It 
may be puzzled, distressed, and often 
irritated at the apparent meaninglessness 
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and incomprehensibility of the world to 
which it has suddenly wakened up. But 
it is still very yoimg ; it mignt travel 
half the world over before finding another 
baby as young and inexperienced as itself. 
It has before it time enough and to spare 
in which it may understand everything. 
Sooner or later the pieces of the puzzle 
must begin to fit together, although it 
may reasonably be doubted whether the 
whole picture can ever be comprehensible 
to one small, and apparently quite 
insignificant, part of the picture. And 
ever the old question obtrudes itself as to 
whether the infant has any means of 
knowing that it is not dreaming all the 
time. The picture it sees may be merely 
a creation of its own mind, in which 
nothing really exists except itself ; the 
universe which we study with such care 
may be a dream, and we brain-cells in the 
mind of the dreamer. 
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Paris, or the Future of War. B. H. Liddell Hart . • to 

Cailioicus a Defence of Chemical Warfare. J* B. S. Haldane . 6 


FOOD AND DRINK 

Lucullus, or the Food of the Future. Olga Hartley and C. F. LeyeJ 14 
Bacchus, or tbe Future of Wine. P« Morton Shaod. . 2c 
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CLASSIFIED INDEX 

SOCIETY AND THE STATE 

Hamilton Fyfe 

Cam or the Future of Crime. George Godwin . 

Lvonr^.c*’ IS* Miscreant Youth. R. G. Gordon 

Lycurgus, or the Future of Law. E. S. P. Haynes 

Nuntiifs or To-Morrow. David Ockham 

Ru^tir^fc c Future. Gilbert Russell . 

Countrj'side. Martin S. Briggs 
English Education. M. Aldertlfrink 

AoTlla t’v, Future of the Universities. Julian Hall 

Apella or the Future of the Jews. A Quarterly^ Reviewer 

f Pulpit. Winifted Holtby 
VicisU GaUlaee ? or The Church of England. E. B. Powley 

great BRITAIN, THE EMPIRE, AND AMERICA 

I**® ®"‘'sh Empire. F. C. S. Schiller . 
Aihvn Ifr' c Scots. G. Malcolm Thomson . 

w Future. C. M. Grieve . 

r«inTlI®* VL® Ireland. Bolton C. Waller 

Columbia, or the Future of Canada. George Godwin 

Achates, or Canada m the Empire. W. Eric Harris 
Sbiya, or the Future of India. R. J. Minney 
Plato 8 Amencan Renublic. J. Douglas Woodruff . 

A&ic a United States and the Future. C. H. Bretberton 
Atlantis, or America and the Future. J. F. C. Fuller . 

LANGUAGE AND LITERATURE 

Basil deSiUncourt . .14 

Breaking Prisdan's Head. J. Y. T. Greig . . . a? 

o* Swearing. Robert Graves • 15 

^ ■u*"uat»onal Language. E. Sylvia Pankhurst it> 

V^® En^ish Novel. John Carruthers .9 

® for Wtry? R. C. Trevelyan . 9 

The Future of Futunsm. John Rodker . • . . ,4 

Mrs Fisher or the Future of Humour. Robert Graves 

ART. ARCHITECTURE, MUSIC, DRAMA, ETC. 

Euterpe, or the Future of Art. Lionel R. McColvln 
1 roteus, or the Future of Intelligence. Vernon Lee 
Balbus, or the Future of Architecture. Christian Barman 
Orpheus, or the Music of the Future. W. J. Turner . 
lerpander, or Music and the Future. E. J. Dent . 

Lurydice, or the Future of Opera. Dyneley Hussey 
Iconoclastes, or the Future of Shakespeare. Hubert Griffith 
rimotbeui, or the Future of the Theatre. Bonamy Dobrie 
Heraclltua, or the Future of Filins. Ernest Betts 

SPORT AND EXPLORATION 
Atalanta, or the Future of Sport. G. S. Sandilaods 
Fortune, or Chance and Design. Norwood Young 
Hanno or the Future of Exploration . . 

^ _ MISCELLANEOUS 

Narcissus, an Anatomy of Clothes. Gerald Heard . • . 9 

Perseus, of Dragons. H. F. Scott Stokes . . . iG 
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TO-DAY AND TO-MORROW 

JUST PUBLISHED 

Typhoeus, or the Future of Socialism. 
By Arthur Shadwell. 

Invaluable, a miracle of compression and 
illumination ." — Yorkshire Post. “ He has 
almost unequalled knowledge and is largely 
free from bias." — Philip Snowden, in Daily 
Herald. 

Romulus, or the Future of the Child. 
By Robert T. Lewis. 

" This interesting and stimulating book 
should be read, not only by parents, but by 
all who care anything at all about the future 
of the race ." — Daily Chronicle. 

Kalki, or the Future of Civilization. By 

S. Radhakrishnan. 

A well-known Indian pliilosopher sum- 
marizes from his own point of view the trend 
of world civilization for the next two or three 
generations. 

Vicisti, Galilsee ? or Religion in Eng- 
land. By Edward B. Powley. 

A sincere and scholarly survey of past 
history leads to a forecast of future possi- 
bilities in the Church. 

Columbia, or the Future of Canada. By 
George Godwin, author of ‘ Cain ’. 

The future of Canada is worked out from 
the political, economic, social, and other view 
points. The possibility of Canada’s union with 
America is discussed. 

Achates, or the Future of Canada in 
the Empire. By W. Eric Harris. 

.An answer to Columbia. 

Eurydice, or the Future of Opera. By 
Dyneley Hussey, author of “Mozart”. 

What is the nature of opera, and what are 
its prospects ? 
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TO-DAY AND TO-MOKROW 


An entertaining series of vivaciotis and siimtt- 
lattng studies of modern tendencies." — Times 
Literary Supplement. 


VOLUMES READY 

D^dalus, or Science and the Future. 

J* D. S. Haldane, Reader in 
Biochemistry, University of Cambridge. 
Eighth impression. 

A fascinating and daring little book." 
— Wcstminiter Gazette . " The essay is brilliant, 
sparkling with wit and bristling with 
challenges."— BrinVi Medical Journal 

Predicts the most startling changes'' 
— Morning Post. ® 

Icarus, or the Future of Science. By 

Bertrand Russell, f.r.s. Fourth 
impression. 

" Utter pessimism." — Observer. " Mr 
Russell refuses to believe that the progress 

of Science must be a boon to mankind " 

Morning Post. '• A stimulating book, that 

leaves one not at all discouraged." Daily 

Herald. ^ 

What I Believe. By Bertrand Russell, 
f.r.s. Fourth impression. 

One of the most brilliant and thought- 
stimulating little books I have read — a better 
book even than Icarus."-~Nalion. " Simply 
and brilliantly written."— " In 
stabbing sentences he punctures the bubble of 
cruelty, envy, narrowness, and ill-will which 

those in authority call their morals." AVu- 

Leader. 
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TO-DAY AND TO-MORROW 

C'allinicus, a Defence of Chemical War 
fare. By J. B. S. Haldane. Second 
impression. 

“Mr Iialdanc'3 brilliant study." — Tit'ies 
Leading Article. “ A lx>ok to be road by every 
intelligent adult." — Spectator. “This brilliant 
little monograph.” — Daily 

Tantalus, or the Future of Man. By 
F. C. S. Schiller, D.Sc., Fellow of 
Corpus Christi College, Oxford. Second 
impression. 

“They are all {Dacdaliie. Icarut, and 
Tantalus) brilliantly clever, and they supple- 
ment or correct one another." — Dean Inge, 
in .'lorning Post. “ Immensely valuable and 
infiniteU’ readable." — Daily Kews. " 1 he 
book of the week." — Spectator. 

Cassandra, or the Future of the British 
Empire. By F. C. S. Schiller. D.Sc. 
Second impression. 

“ We commend it to the comphacent of all 
parties." — Saturday Review. “The book is 
small, but very, very weighty ; brilliantly 
written, it ought to be read by all shades ol 
politicians and students of politics." — York- 
shire Post. “ Yet another addition to that 
bright constellation of pamphlets." — Spectator. 

Quo Vadimus ? Glimpses of the Future. 
By E. E. Fournier d’Albe, D.Sc. 
Second impression. 

“ A wonderful vision of the future. A book 
that will be talked about.” — Daily Graphic. 
" A remarkable contribution to a remarkable 
series." — Manchester Dispatch. “ Interesting 
and singularly plausible." — Daily Telegraph. 
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TO-DAY AND TO-MORKOW' 

Thrasymachus, the Future of Morals. 
By C. E. M. JoAD. Third impression. 

" His provocative book.” — Graphic. 

" Written in a style of deliberate brilliance.” 

— Times Literary Snpple*netil. “ As outspoken 
and unequivocal a contribution as could well 
be imagined. Even those readers who dissent 
will be forced to recognize the admirable 
clarity with which he states his case. A book 
that will startle.” — Daily Chronicle. 

Lysistrata, or Woman's Future and 
Future Woman. By Anthony M. 
Ludovici, author of “ A Defence of 
Aristocracy,” etc. Second impression. 

" A stinuilating book. Volumes would be 
needed to deal, in the fulness his work pro- 
vokes, with all the problems raised.” — Sitnday 
Times. " Pro-feminine but anti-feministic.” 
— Scotsman. ” Full of brilliant common- 
sense.” — Observer. 

Hypatia, or Woman and Knowledge. By 
Mrs Bertrand Russell. With a 
frontispiece. Third impression. 

An answer to Lysistrata. ” A passionate 
vindication of the rights of woman.” — 
Manchester Guardian. ” Says a number of 
things that sensible women have been wanting 
publicly said for a long time.” — Daily Herald. 

Hephaestus, the Soul of the Machine. 
By E. E. Fournier d’Alre, D.Sc. 

” A worthy contribution to this interesting 
series. A delightful and thought-provoking 
essay.” — Birmingham l^ost. “There is a 
special pleasure in meeting with a book like 
Hephaestus. The author has the merit of really 
understanding what he is talking about.” 

— Engineering. ” An exceedingly clever 
defence of machinery.” — .Irchitects' Journal. 
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TO-DAY AND TO-MORROW 

The Conquest of Cancer. By H. W. S. 
Wright, m.s., f.r.c.s. Introduction 
by F. G. Crookshank, m.d. 

“ Eminently suitable for general reading. 
The problem is fairly and lucidly presented. 
One merit of Mr Wright's plan is that he tells 
people what, in his judgment, they can best 
do, here and now.” — From the Introduction. 

Pygmalion, or the Doctor of the Future. 
By R. McNair Wilson, m.b. 

" Dr Wilson has added a brilliant essay 
to this series." — Times Literary Supplement. 
” This is a very little book, but there is much 
wisdom in it." — Evening Standard. ” No 
doctor worth his salt would venture to say that 
Dr Wil.son was wrong." — Daily Herald. 

Prometheus, or Biology and the Ad- 
vancement of Man. By H. S. Jennings, 
Professor of Zoology, Johns Hopkins 
University. Second impression. 

■■ This volume is one of the most remarkable 
that has yet appeared in this series. Certainly 
the information it contains will be new to most 
educated laymen. It is e.ssentially a discussion 
of . . . heredity and environment, and it 
clearly establishes the fact that the current 
use of these terms has no scientific 
justification." — Times Literary Supplement. 
“An exceedingly brilliant book." — New Leader. 

Galatea, or the Future of Darwinism. 
By W. Russell Brain. 

■ A brilliant exposition of the present 
position of the evolutionary hypothesis ; 
he writes clearly and temperately." — Guardian. 
" Should prove invaluable. A stimulating 
and well-written essay.” — Literary Guide. 
‘‘His destructive criticism of the materialist 
and mechanist philosophy, biology, and 
phvsics is superb," — G. K.’s Weekly. 
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TO-DAY AND TO-MOKKUW 

Narcissus : an Anatomy of Clotlics. By 
Gerald Heard. With 19 illustrations. 
Second impression. 

” A most suggestive book.” — Xuion. 

IrresLstible. Reading it is like a sx^itchback 
journey. Starting from prehistoric times we 
rocket down the ages.” — D.iily Xeus. 

Interesting, provocative, and entertaining.” 
— Queen. 

Thamyris, or Is There a Future for 
Poetry ? By R. C. Trevelyan. 

" Learned, sensible, and very well-written. ” 
— Affable Hawk, in New Sutesmuu. " Very 
suggestive.”— y. C. Squire, in Observe*. 
" A very charming piece of work, I agree 
with all, or at any rate, almost all its con- 
clusions.” — y. St. l.oe Slrachey, in .‘<pectator. 

Proteus, or the Future of Intelligence. 
By Vernon Lee, author of “ Satan the 
Waster," etc. 

” We should like to follow the author’s 
suggestions as to the eOect of intelligence on 
the future of Ethics, Aesthetics, and .Manners. 
Her book is profoundly stimulating and should 
be read by everyone.” — Outlook. " .\ concise, 
suggestive piece of work.” — Saturday Review. 

Timotheus, the Future of the Theatre. 
By Bonamy DoBRlTtE, author of ‘ ‘ Restor- 
ation Drama,” etc. 

” A witty, mischievous little book, to be 
read with delight." — Times Literary Supple- 
ment. ” This is a delightfully witty book.” 
—Scotsman. " In a subtly satirical vein he 
visualizes various kinds of theatres in -«)() years’ 
time. His gay little book makes 'leli^’htful 
reading.” — Nation. 
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TO DAY AND TO-MORROW 

Paris, or the Future of War. B3" Captain 
B, H. Liddell Hart. 

'■ A companion volume to Cal/inictts. 
A gem of close thinking and deduction." 
— Ohferver. " A noteworthy contribution to 
a problem of concern to every citizen in this 
countrv." — Doily Chronicle. ‘‘There is some 
lively thinking about the future of war in 
Ports, just added to this set of live-wire 
pamphlets on big subjects." — Manchester 
Guardian. 

Wireless Possibilities. B\' Professor 
A. JL Low, Witli 4 diagrams. 

“ As might be expected from an inventor 
who is always so fresh, he has many inter- 
esting things to say." — Eveitin^ Standard. 
■ 'The mantle of Blake has fallen upon the 
phvsicists. To thonj wo look for visions, and 
we'find them in this book." — Neve Statesman. 

Perseus : of Dragons, liv’ H. F. Scott 
Stokes. With 2 illustrations. 

■' A diverting little book, chock-full of ideas 
Mr Stokes' dragon-lore is both quaint and 
various."— Post. "Very amusingly 
written, and a mine of curious knowledge for 
which the discerning reader will find many 
uses." — Glasgow Herald. 

Lveurgus, or the Future of Law. By 
'E. S. P. Haynes, author of “Concerning 
Solicitors," etc. 

".An interesting and concisely written book. 

Yorkshire Post. " He roundly declares that 

English criminal law is a blend of barbaric 
violence, medieval prejudices and modern 
fallacies A humane and conscientious 

investigation."— r.P.'i Weekly. ‘A thought- 
ful book — deserves careful reading." — Law 
7' irr.es. 
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TO-DAY AND TO-MORKOW 

Euterpe, or the Future of Art. By 

Lionel R. McColvin, author of “ The 

Theory of Book-Selection.” 

••Discusses brieflv, but very su.ugf-stivc.y, 
the problem of the future of art iu relaUon to 
the pubWcr—Saltmlnv lievifw. " Another 
indictment of machinery as a soul destroyer 
Mr Colvin ha? the courage to suggest 
solutions.”— Gazette. ‘Jim. 
altogether a much-needed book. r^ew 

Leader. , ^ * 

Pegasus, or Problems of Transport. 

Bv Colonel J. F. C. Fuller, author of 

"The Reformation of War.” etc. With 

8 Plates. ^ ^ 

•• The foremost military prophet of the day 
propounds a solittion lor imlustnal and 
unemployment problems. It is a bold essay 
. and calls for the attention of all con- 
cerned with imperial problcnLs. —DoUy 
Telegraph. •’Practical, timely, very inter- 
csting and very important.” — J. St. Loe 
Strachey, in Spectator. 

Atlantis, or America and the ruture. 
By Colonel J. F. C. Fuller. 

” Candid and caustic.”— Oftsererr. ” 
hard things have been said about Arnciica, 
but few quite so bitter and caustic as these. 
— D.iih' Sketch. ” He can conjure up possi- 
bilities of a new Atlanti.s.” — Clarioo. 

Midas, or the United States and the 
Future. By C. H. Bretiierton. author 
of " The Real Ireland.” etc. ^ , 

A companion volume to Ailanli^. Full ol 

astute observations and acute rellcctioDS . . 

this wise and witty pamphlet, a provocatmn 
to the thought that is creative. 

Po<:t •' A punch in every paragraph. Un 
could hardly ask for more 'meat'."'— Spectator. 
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TO-DAY AND TO-MOKKOW 

Nuntius, or Advertising and its Future. 
By Gilbert Russell. 

Expresses the philosophy of advertising 
concisely and wen/’— Observer. “ It is doubt- 
ful if a more straightfor^\’ard exposition of 
the part advertising plays in our public and 
private life has been written." — Munchester 

Gtuirdiati. 

Birth Control and the State ; a Plea 
and a Forecast. By C. P. Blacker, 
M.C., M.A., M.K.C.S., L.R.C.P. 

" A very careful summary.” — Tunes Literary 
Supplement. " A temperate and scholarly 
survey of the arguments for and against the 
encouragement of the practice ol birth control . 

Lancet. " He writes lucidly, moderately, 

and from wide knowledge; his book un- 
doubtedly gives a better understanding of the 
subject than any other brief account we know. 
It also suggest.s a policy." — Saturday licvteu'. 

OuroboroSt or the Mechanical Extension 
of Iilankind. Bv G.aret Garrett. 

This brilliant and provoking little book. 
— Observer. " A significant and thoughtful 
essay, calculated in parts to make our uesh 
creep." — Spectator. " A brilliant writer Mr 
Garrett is a remarkable man. He explains 
something of the enormous change the niaclune 
has made in life." — Daily Express. 

Artifex, or the Future of Craftsmanship. 
By John Gloag, author of "lime 
Taste, and Furniture.” 

“An able and interesting summary of the 
history’ of craftsmanship in the past, a direct 
criticism of the present, and at the end his 
hopes for the future. Mr Gloag s real con- 
tribution to the future of craftsmanship is 
his discussion of the uses of machinery. 
Times Literaiy Supplcvunl. 



TO-DAY AND TO-MORROW 

Plato’s American Republic. By J. 
Douglas Woodruff. Fourth tmpressxon. 

Uses the form of the Socratic dialogue 

with devastating success. A gently malicious 

wit sparkles in every page.’*— 

•Having deliberately set himself a almost 

impossible task, has succeeded beyond bel ef 

^Saturday Revieu. '• 

even of this spirited sen^. — Ofcsmfr. 

Orpheus, or the Music of the Future, by 
W. J. Turner, author of “ Music and 

Life.” Second impression. 

A book on music that we can read not 
merely once, but twice or thrice. Mr Turn 
has given us some of the finest thinking upon 
Beethoven that I have ever met ^vlth. — 
Ernest Newman in Sunday Ftmes. A 
brilliant essay in contemporary P^\>csophy . 
—Outlook. *• The fruit of real knowledge and 

understanding.”— AVti- Slatesmat^ 

Terpander, or Music and the Future. By 

E.J. Dent, author of “Mozart s Operas. 

■•In Orpheus Mr Turner made ^ ^rdhant 
voyage in search of first principles. Mr i^cnt s 
bS b a skilful review of the developm^t of 
music. It is the most succinct and 

essay on music I have found. . . . — 

News. " Remarkably able and stimulating. 

—Times Literary Supplement There is 
another critic alive who could sura up contem- 
porary tendencies so neatly. —Spectator. 

Sibylla, or the Revival of Prophecy. By 
C. A. Mace, University of St. Andrew s. 

••An entertaining and instructive pampblet 

hjnrniue Post “ Places a nightmare before 

7, Vbly and wittily. "-Sfreta/or. 

Passa^s in it are excellent satire, but on 
the while Mr Mace's 

taken as a trustworthy guide . . . to modern 
scientific thought.*'— Post. 
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TO-DAV AND TO-MORROW 

LucuUus, or the Food of the Future. By 
Olga Hartley and Mrs C. F. Leyel. 
authors of “The Gentle Art of Cookery. 

This is a clever and witty little volume 

in an entertaining series, and it makes enchant- 

inc» reading '' — Times Literary Supplement. 

a brilliant picture oi modern 
man Uvine in a vacuum-cleaned, steam 
“eat^d, credit-furuisl^d f 

* with a woU in the basement —the woU_^ 
hunger. This banquet of epigrams. 

p/o^rustes. or the Future of 

Education. By M. Alderton Pink. 

■■ Undoubtedly he makes out a very good 

” Daily Herald. " This interesting 

ISiition to the series."— Ti»n« EducaUor.nt 

" Intends to be chaUcnging and 
suc'iecds in being so. All fit readers rv.ll find 
it Stimulating ."— , 

The Future of Futurism. By joii. 

AU^Rodker is up-to-the-minute, and he 
has accomplished a considerable feat in 
orsuch a vague subject, 92 extremely mter 

^ Pitot in Isatxotx, 

Ire good many'fbings in this book which 
Ire li interest.”- Times LiUrary SuppUn,rn,. 

Pomona, or the Future of English.^ y 
Basil de Selincourt. author ot me 

iShsh is 

"I^'FuinTw^e*^ thol'gbli • and happy 

^ Ilrty--conce-(ved 
Manchester Guardian. 
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TO-DAY AND TO-M01vRO\\ 

BalbuSt or the Future of Architecture. 
By Christian Barman. 

*' A really brilliant addition to this already 
distinguished series. The reading of iiu/d/Wi 
will give much data for intelligent prophecy, 
and incidentally, an hour or so of excellent 
entertainment.” — SpcclUor. “ Most readable 
and reasonable. We can recornrnt-nd i 
warmly .” — New Statesman. “This intriguing 
little book.” — Connoisseur. 

Apella, or the Future of the Jews. By 
A Quarterly Reviewer. 

“Cogent, because of brevity and a magni- 
ficent prose style, this book "’ii^ our quiet 
praise. It is a fine pamphlet, adding to the 
value of the scries, and should not be missed- 
—Spectator. " A notable addition to this 
excellent scries. His arguments are a provoca- 
tion to fruitful thinking.”— Fost. 

The Dance of Civa, or Life’s bmty and 
Riiythm. By Collum. 

“ It has substance and thought m it. lue 
author is very much alive and responsive o 
the movements of to-day.” — Spectator. 
very interesting account of the work o/ * 
Jagadis Bose.”— Oar/orrf Magazxne. Has 
cahght the spirit of the Eastern conception of 
world movements.”— Statesman. _ 

Lars Porsena, or the Future of Swearing 
and Improper Language, By Robert 
Graves, Fourth impression . 

“Goes uncommonly well, and descr\e9 
to ‘’—Observer. “ Not for squeamish readers 
—Spectator. " No more amusingly unexpected 
contribution has been made to this series. 

A deliciously ironical affair. — 

“His highly entertaining essay is as^ full a.s 
the current standard of printers and police 

will allow.”— AVii- Statesmen. ‘ 

style are beyond criticism. — Irxsh Statesu. 
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TO-DAY AND TO-MORROW 

Socrates, or the Emancipation of Man- 
kind. By H. F, Carlill. 

'* Devotes a specially lively section to the 
herd instinct." — Times. " Clearly, and with 
a balance that is almost Aristotelian, be 
reveals what modem psychology is going to 
accomplish." — New Statesman. " One of the 
most brilliant and important of a remarkable 
series." — Westminster Gazette. 

Delphos, or the Future of International 
Language. By E. Sylvia Pankhurst. 

*' Equal to anything yet produced in this 
briUiant series. Miss Pankhurst states very 
clearly what all thinking people must soon 
come to believe, that an international language 
would be one of the greatest assets of civiliza- 
tion." — Spectator. " A most readable book, 
full of enthusiasm, an important contribution 
to this subject." — International Language. 

Gallio, or the Tyranny of Science. By 
J. W. N. Sullivan, author of A 
History of Mathematics." 

" So packed with ideas that it is not possible 
to give any adequate r^sumi of its contents." 
— Times Literary Supplement. " His remark- 
able monograph, his devastating summary of 
materialism, this pocket Novum Organum .” — 
Spectator. “ Possesses a real distinction of 
thought and manner. It must be read." — 
New Statesman. 

Apollonius, or the Future of Psychical 
Research. By E. N. Bennett, author 
of “ Problems of Village Life," etc. 

" A sane, temperate and suggestive survey 
of a field of inquiry which is slowly but surely 
pushing to the front." — Times Literary Supple- 
ment. " His exposition of the case for psychic 
research is lucid and interesting." — Scotsman. 

" Displays the right temper, admirably con- 
ceived, skilfully executed." — Liverpool Post, 
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TO-DAY AND TO-MORROW 

Aeolus, or the Future of the Flying 
Macliine. By Oliver Stewart. 

“ Both his wit and his expertness save him 
from the nonsensical'fantastic. There is 
nothing vague or sloppy in these imaginative 
forecasts.” — Daily News. “ He is to be con- 
gratulated. His book is small, but it is so 
delightfully funny that it is well worth the 
price, and there really are sensible ideas 
behind the jesting.” — Aeroplane. 

Stentor, or the Press of To-Day and 
To-Morrow. By David Ockham. 

” A valuable and exceedingly interesting 
commentary on a vital phase of modern de- 
velopment.” — Daily Herald. ” Vigorous and 
well-written, eminently readable.” — Yorkshite 
Post. “ He has said what one expects any 
sensible person to say about the ‘ trustifica- 
tion of the Press'.” — Spectator. 

Rusticus, or the Future of the Country- 
side. By Martin S. Briggs, f.r.i.b.a. 

” Few of the 50 volumes, provocative and 
brilliant as most of them have been, capture 
our imagination as does this one.” — Daily 
Telegrap/i. " The historical part is as brilliant 
a piece of packed writing as could be desired.” 
— Daily Herald. ” Serves a national end. The 
book is in essence a pamphlet, though it has 
the form and charm of a book.” — Spectator. 

Janus, or the Conquest of War. By 

William McDougall, m.b., f.r.s. 

” Among all the booklets of this bril iant 
series, none, I think is so weighty and im- 
pressive as this. It contains thrice as much 
matter as the other volumes, and is profoundly 
serious.”— Z)ca« Inge, in Evening Standard. 
” A deeply interesting and fair-minded study 
of the causes of war and the possibilities of 
their prevention. Every word is sound.”— 
Spectator. 
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TO-DAY AND TO-MORROW 

Vulcan, or the Future of Labour. By 

Cecil Chisholm. <v.; 

“ Of absorbing interest.” — Daily Herald. 
" No one, perhaps, has ever held the balance 
so nicely between technicalities and flights of 
fancy, as the author of this excellent book 
in a brilliant series. Between its covers 
knowledge and vision are pressed down and 
brimming over.” — Spectator. 

Hymen, or the Future of Marriage. By 
Norman Haire. Third impression. 

Has something serious to say, something 
that may be of value, Dr Haire is, fortunate- 
ly, as lucid as he is bold.” — Saturday Review. 
“ An electrifying addition to the series.” 
Sphere. ” Not cheerful reading. Yet in 
spite of this we feel that the book repays 
perusal.” — Spectator. “ A very good book, 
brilliant, arresting.” — Sunday Worker. 

The Next Chapter : the War against 
the Moon. By Andri5 Maurois. 

” This delicate and delightful phantasy 
presented with consummate art.” — Spectator. 

Short but witheringly sarcastic.” — Field. 
■' Admirably parodies the melancholy and 
superior tone of a history-book . . .” — Times 
Literary Supplement. “ A dellcioxis skit 
on the newspaper * stunt *, and a whole- 
some satire on some of the abiding weaknesses 
of mankind.” — Daily Telegraph. 

Archon, or the Future of Government. 

By Hamilton Fyfe. 

” Well written and abounds in epigram. 
This is a brave and sincere book.” — Economic 
Review. ” As stern a critic of our present 
Party system as any Tory could be.” — H. IV. 
Nevinson, in Daily Herald. ” A brochure 
that thinking people will discuss.” — Spectator. 

" A timely exposure of the hypocrisy of 
politics.” — Harold Cox, in Sunday Times. 
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TO-DAY AND TO-MORROW 

Scheherazade, or the Future of the 
English Novel. By John Carruthers. 

" An entertaining and stimulating book 
wliich no novel-reader sho'iiKl fail to studv.” — 
Ostert Sitwell, in Daily Mirror. " A bnlltant 
essay and, I think, a true one. It deserves 
the attention of all in any way interested 
critically in the novel." — Geofjry Wtsl, in 
Daily Herald. 

Kconoclastes, or the Future of Shake- 
speare. By Hubert Griffith. 

" To my disappointment I found myself 
in complete agreement with nearly all its 
author’s arguments. There is much that 
is vital and arresting in what he has to sa)'." 
— Nigel Playfair, in Evening Standard. " With 
much that Air Griffith says I entirely agree." 
— Saturday Review. 

Caledonia, or the Future of the Scots. 
By G. M. Thomson. Second impression. 

” Not since the late T. W. H. Crosland has 
anything like so amazing an indictment of 
Scotland appeared." — Westminster Gazette. 
" It is relentless and terrible in its exposure 
of the realities that underlie the myth of the 
canny Scot ’. I have found scarcely an 
exaggeration in the whole of this brilliant 
book." — Irish Statesman. " As a piece of 
incisive writing and powerful, though re- 
strained, invective, Caledonia is specially 
notable." — Spectator. 

Albyn, or Scotland and the Future. By 
C. M. Grieve, author of * Contemporary 
Scottish Studies," etc. 

" A vigorous answer, explicit and implicit, 
to Caledonia, tracing behind the scenes 
the development of a real Scottish renascence. 
Contains stuff for thought." — Spectator. 

" The book of a man genuinely concerned 
about the future." — Glasgow Newt. 
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TO-DAY AND TO-MORROW 

Bacchus, or the Future of Wine. By 
P. Morton Shand. 

■' Very sound sense." — Times Literary 
Supplement. ” A learned and amusingly 
written book on wine." — Daily Express. 
” An entrancing little volume, prognosticat- 
ing the future of wine and wine-drinking, 
from a social, commercial, and more especially 
a vinous point of view." — Brewer and Wine 
Merchant. 

Hermes, or the Future of Chemistry. 
By T. W. Jones, B.Sc., F.C.S. 

" Tells us briefly, yet with brilliant clarity, 
what Chemistry is doing to-day, and what its 
achievements are likely to be in the future." 
— Morning Post. " A complete and readable 
survey of the chemical developments of to- 
day, making special reference to bio-chemistry, 
synthetic fuels, and catalysts.” — Manchester 
Gtia rdian. 

Archimedes, or the Future of Physics. 
By L. L. Whyte. 

*' If the notion [of asymmetrical time] can 
be successfully applied to ph5rsics itself, the 
universal science will be born. That some 
great synthesis is on the way seems clear. 
One of the most suggestive accounts of it 
mav be found in this fascinating volume." — 
Times Literary Supplement. "This book will 
be an inspiration. The writer is a clear and 
fearless thinker.” — Discovery . 

Atalanta, or the Future of Sport. By 
G. S. Sandilands. 

" His provocative and most interesting 
book." — Daily Herald. " A candid and out- 
spoken personage with a talent for pungency 
in epigram. He covers the whole field." — 
She(Jield Telegraph. " Points out some of 
the pinnacles of unreason climbed by those 
trying to separate amateur from professional.* 
— ^lanchester Guardian. 
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TO-DAY AND TO-MORROW 

Lares et Penates, or the Home of the 
Future. By H, J. Birnstingl. 

“ Indicating vividly what may lie ahead if 
we allow our worehip of the American ideal 
of industrial output for its own sake to pro- 
ceed undirected." — Country Life. " A piquant 
study of the labour-saving houses of the 
future." — T.P.’s Weekly. " Draws an appal- 
ling picture." — Evening Stuiuiard. 

Breaking Priscian’s Head, or English 
as She will be Spoke and Wrote. By 
J. Y. T. Greig, D.Litt. 

“ His vivacious book." — Daily Mail. 
" The most vehement attack [on standard 
English] we have ever read. We are equally 
amazed and amused," — Morning Post. “ Very 
sensible suggestions for vivifying the English 
language." — Star. “ Such a rollicking l^ok. 
He must be thanked." — Spectator. 

Gain, or the Future of Crime. By 
George Godwin. 

" Compels the reader to think, whether he 
will or no." — Saturday Review. “ A most 
interesting prophecy. Mr Godwin makes out 
a strong case against the stupidity and 
cruelty of our present dealings with crime." 
— Evening Standard. " Cheerfully devastat- 
ing." — Daily Herald. " His admirable 
book." — Outlook. 

Morpheus, or the Future of Sleep. By 
David Fraser-harris, M.D., D.Sc. 

" An interesting volume," — Daily Mirror. 

“ Shews that the doctors do not as yet know 
much about the subject." — Queen. " His 
arguments, clearly and ably presented, hold 
our interest. This is a book full of sound 
thinking and wise instruction." — Clarion. 
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TO-DAY AND TO-MORROW 

Hibernia, or the Future of Ireland. By 

Bolton C. Waller. 

An earnest and challenging piece of 
work." — Irish Times. ” A serious, practical 
book, full of knowledge.” — Spectator. "Well- 
written, suggestive, and thoughtful, it should 
have a great circulation.” — Irish News. 
"Notable in a notable series.” — Foreign A f fairs, 
" A full and hopeful picture.” — Daily Herald. 

Hanno, or the Future of Exploration. 

By J. Leslie Mitchell 

" His wonderful little book, in which he 
confutes the popular notion that the explorer's 
task is finally fulfilled.” — Morning Post. 
“ Stimulating, packed with eminently practical 
suggestions.” — Times Literary Supplement. 
" His amusing and suggestive essay.” — Sphere. 

Metanthropos, or the Body of the Future. 
By R. Campbell Macfie, LL.D. 

" An exceptionally stimulating book, the 
work of a clear and imaginative thinker who 
can express his thoughts.” — Saturday Review. 
" Should certainly be read by a large public.” 
— Latxcet. " Discourses wisely and humor- 
ously upon the changes which modern forms 
of civilization are likely to bring about in 
our bodily structure.” — New Leader. 

Heraclitus, or the Future of the Filins. 

By Ernest Betts. 

" An entertaining book, full of sparkling 
and original ideas, which should stimulate 
Wardour Street to a more serious considera- 
tion of the artistic and moral aspects of the 
film industry.” — Spectator. " A lively critic, 
who has obviously devoted close study to 
his subject.” — Daily News. 
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TO-DAY AND TO-MORROW 

Eos, or the Wider Aspects of Cosmogony. 
By Sir J. H. Jeans, LL.D., F.R.S. 

With 6 Plates Second Impression 

" He has given us in simple and attractive 
language a fascinating summary of his 
tremendous conclusions, illustrated by some 
really beautiful photographs .” — Times Literary 
Supplement. ” No book in the series surpasses 
Eos in brilliance and profundity, for one of 
the best brains engaged in research gives us 
here the fruits of long labour in terms that 
all may understand.” — Spectator. 

Diogenes, or the Future of Leisure. By 
C. E. M. JOAD. 

■' A brilliant and provocative volume.” — 
Dean Inge, in Evening Standard. “The 
writing is vivid and good-humouredly trucu- 
lent. Those already in a state of grace 
will relish his epigrams, his slashing attacks, 
his forecasts of Iddeous development .” — Times 
Literary Suppietnent. 

Fortuna, or Chance and Design. By 

Norwood Young. 

■' Chance is a fascinating subject, and this 
essay is both cheerful and ingenious. His 
study of the * laws of chance as illustrated 
in the game of roulette, his examination of 
horse-racing and the Stock Exchange, are not 
meant for those who wish to acquire sudden 
fortunes.”— r.P.'s Weekly. 

Autolycus, or the Future for Miscreant 
Youth. By R. G. Gordon, M.D., D.Sc. 

" His clear and spirited presentation of 
the problem of the boy and girl offender 
should rekindle interest in the subject and help 
towards legislation. Many of us need to get 
rid of preconceived notions on the problems 
with which he deals and his admirable book 
should help us to put them in the lumber- 
room.”— T*>w«s Erfucart’owa/ Supplement. 
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TO-DAY AND TO-MORROW 
JUST PUBLISHED 

(See also page 4 for other recent volumes) 

Mrs Fisher, or the Future of Humour. 
By Robert Graves, author of ‘ Lars 
Porsena etc. 

“Altogether it is very amusing." — Daily^Mail. 
“ Few volumes in this celebrated series have 
enjoyed a more deserved success than should 
be achieved by Mrs Fisher. The wit and 
daring of Lars Porsena soon took it to a fourth 

impression. Mrs Fisher is even better." 

Daily Express. 

Eutychus, or the Future of the Pulpit. 

By Winifred Holtby. 

“ Few wittier or wiser books have appeared 

in this stimulating series tl^n Eutychus." 

Spectator. “ Witty style, shrewd insight, 
delicious fun." — Guardian. 

Alma Mater, or the Future of Oxford 
and Cambridge. By Julian Hall. 

“ Conspicuously fair." — Manchester Guard- 
ian. " Writes al^ut his elders, about youth, 
and about the two old Universities with 
frankne^, humour, and intelligence." — Nation. 

Automaton, or the Future of the Mech- 
anical Man. By H. Stafford Hatfield. 

“ It is imp<^ible to do serious justice to 
his volume on the ‘ Chemical Robot ’ in a 
brief review. It calls for a monumental work 
of opposition." — Daily Herald. 

Shiva, or the Future of India. By 

R. J. Minney. 

■’ a far stronger impeachment than even 
Miss Mayo attempted in Mother India ." — 
Daily Dispatch. 
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